The Effects of fluctuations in solid ink density on color variation for conventional and grey component replacement separations when printing process color on newsprint by Pawlow, Eric Matthew
Rochester Institute of Technology
RIT Scholar Works
Theses Thesis/Dissertation Collections
4-1-1993
The Effects of fluctuations in solid ink density on
color variation for conventional and grey
component replacement separations when printing
process color on newsprint
Eric Matthew Pawlow
Follow this and additional works at: http://scholarworks.rit.edu/theses
This Thesis is brought to you for free and open access by the Thesis/Dissertation Collections at RIT Scholar Works. It has been accepted for inclusion
in Theses by an authorized administrator of RIT Scholar Works. For more information, please contact ritscholarworks@rit.edu.
Recommended Citation
Pawlow, Eric Matthew, "The Effects of fluctuations in solid ink density on color variation for conventional and grey component
replacement separations when printing process color on newsprint" (1993). Thesis. Rochester Institute of Technology. Accessed from
The Effects of Fluctuations in Solid Ink Density
on Color Variation for Conventional and
Gray Component Replacement Separations
When Printing Process Color on Newsprint
by
Eric Matthew Pawlow
A thesis submitted in partial fulfillment
of the requirements for the degree ofMaster of Science
in the School ofPrinting Management and Sciences in the
College of Imaging Arts and Sciences of the
Rochester Institute of Technology
April 1993
Thesis Advisor: Professor Joseph Noga
School of Printing Management and Sciences
Rochester Institute of Technology
Rochester, New York
Certificate of Approval
Master's Thesis
This is to certify that the Master's Thesis of
Eric Matthew Pawlow
with a major in Printing Technology
has been approved by the Thesis Committee as satisfactory
for the thesis requirement for the Master of Science degree
at the convocation of
Summer, 1993
Thesis Committee:
Joseph L. Noga
Thesis Advisor
Joseph L. Noga
Graduate Program Coordinator
George H. Ryan
Director or Designate
The Effects of Fluctuations in Solid Ink Density
on Color Variation for Conventional and
Gray Component Replacement Separations
When Printing Process Color on Newsprint
I, Eric Pawlow, hereby grant permission to the Wallace Memorial Library of the
Rochester Institute of Technology to reproduce my thesis in whole or in part. Any
reproduction will not be for commercial use or profit.
~/lj?
Date
Dedication
This thesis is dedicated to my parents, Beverly and Frank. Their continued encouragement
and support, particularly ofmy educational pursuits, has made the completion of this work
possible.
ui
Acknowledgements
There are several people I would like to acknowledge for their help and support
with this thesis. First, Professor Joseph Noga, my thesis advisor, for providing guidance
prior to the completion of the thesis proposal and maintaining interest in this work during
my absence from RIT. Second, Professor Frank Cost andMr. Sven Ahrenkild for their
technical guidance and Professor C. Frazier for taking part in the thesis defense. Mr.
George Hamilton must be acknowledged for providing contacts at the Newspaper
Association ofAmerica's research facility. Mr. Ivan Latanision deserves recognition for
photographing the initial test image and for his knowledge of the Hell 399ER scanner, Mr.
Steve Clarke, for his help with assembling the test form, and the Technical and Education
Center at R.I.T. for allowing me to use their equipment to collect all relevant data. Mr.
Keith Pierce andMr. Chip Rausch of the Engineering/Production department of the New
York Daily News should be mentioned for allowing me to use their computers after-hours
to analyze the data.
A special thanks is due to Mr. Gene Monasco, Mr. Wilson Cunningham and Jack
and Eddie, the press crew, at the Newspaper Association ofAmerica for providing the
plates, ink and newsprint and especially for their time in performing the pressrun portion of
this thesis.
Finally, I wish to thank my brother, Brian, and my long-time friend, Todd, for
inspiring me to pursue advanced education in the field of graphic arts at R.I.T.
IV
Table of Contents
List of Figures viii
List of Tables ix
Abstract xii
Chapter 1: Introduction 1
Endnotes for Chapter 1 5
Chapter 2: Theoretical Basis 6
Color Theory 6
Color Systems 10
The Black Printer 11
Gray Component Replacement Separation Technique 15
Color Variation on Press 19
Color Measurement 23
Endnotes for Chapter 2 28
Chapter 3: Review of the Literature 30
Endnotes for Chapter 3 37
Chapter 4: Statement of the Problem 39
Rationale 39
Objective 40
Hypothesis 40
Research Questions 40
Limitations 42
Delimitations 43
Chapter 5: Methodology 46
Test Form Elements 46
Color Separations 48
Color Proofing 49
Image Assembly and Platemaking 51
Press Run and Sample Groups 52
Nominal Solid Ink Density Values 54
Sample Press Sheet Selection 57
Colorimetric Measurements of Sample Sheets 59
AE Groupings 60
Statistical Analysis ofData 64
Endnotes for Chapter 5 70
Chapter 6: Results 71
Results of z-Test 73
Additional Data Analysis: t-Test 76
t-Test Results: 40% GCR Separation 77
t-Test Results: 80% GCR Separation 80
Additional Data Analysis: z-Test 82
Endnotes for Chapter 6 85
Chapter 7: Conclusions 86
Hypothesis Testing 87
t-Test Results 88
Final z-Test Results 89
Response to Research Questions 90
Summary of Conclusions 93
Final Notes 94
vi
Chapter 8: Recommendations for Further Investigation 95
Bibliography 98
Additional Sources
v 101
Appendix A 102
Appendix B 121
Appendix C 131
vu
List of Figures
Figure Page
1 Portions of the electromagnetic spectrum visible to the human eye 6
2 Result ofmixing equal portions of the three primary colors 7
3 Resulting color from covering pure white paper with equal portions
of ideal inks 9
4 Reflection characteristics of ideal inks 9
5 Reflection characteristics of typical real inks 9
6 Graphical representation of the Munsell three dimensional color space. . 10
7 Reproduction characteristic where amount of black only prints when
three color gray has reached its maximum density 14
8 Distinction of the gray component from the hue in a conventional
separation of a green leaf (skeleton printer) 17
9 Reproduction of the green leaf using full (100%) gray component
replacement (ideal printer) 18
10 Changes in magenta ink film thickness cause changes in hue
(conventional separation) 20
1 1 Changes in magenta ink film thickness cause no change in hue
(GCR separation) 21
12 Graphical representation of three dimensional L*a*b* color space 25
13 Example of the calculation of AE between two colors 26
14 Test image orientation 48
15 Test form orientation 52
vm
List of Tables
Table Page
1 Commonly accepted AE color variation tolerance bands 50
2 Sample groups of press sheets collected from the delivery stream 54
3 Nominal SID tolerance bands for process color inks while one
ink was allowed to vary above and below the nominal value 56
4 Spectrophotometer accuracy/reliability test - AE values and means 61
5 Comparisons made between AE data groups 63
6 Criteria of z-Test to either support or refute the null hypothesis 67
7 Results of z-Score tests for SID fluctuations of +/- 0. 10, 0. 15,
and 0.20 72
8 t-Test comparing color variation of conventional separation with
40% GCR separation 79
9 t-Test comparing color variation of conventional separation with
80% GCR separation 81
10 Results of z-Score tests with SJJD fluctuations of +/- 0. 10, 0. 15,
and 0.20 84
Al Conventional separation AE values andmeans.
+/-0.10 solid ink density fluctuation 103
A2 Conventional separation AE values and means.
+/-0.15 solid ink density fluctuation 104
A3 Conventional separation AE values and means.
+/-0.20 solid ink density fluctuation 105
A4 20% GCR separation AE values and means.
+/-0.10 solid ink density fluctuation 106
A5 20% GCR separation AE values and means.
+/-0.15 solid ink density fluctuation 107
A6 20% GCR separation AE values and means.
+/-0.20 solid ink density fluctuation 108
ix
A7 40% GCR separation AE values and means.
+/-0.10 solid ink density fluctuation 109
A8 40% GCR separation AE values and means.
+/-0.15 solid ink density fluctuation 110
A9 40% GCR separation AE values and means.
+/-0.20 solid ink density fluctuation Ill
A10 60% GCR separation AE values and means.
+/-0.10 solid ink density fluctuation 112
All 60% GCR separation AE values and means.
+/-0.15 solid ink density fluctuation 113
A12 60% GCR separation AE values and means.
+/-0.20 solid ink density fluctuation 114
A13 80% GCR separation AE values and means.
+/-0.10 solid ink density fluctuation 115
A14 80% GCR separation AE values and means.
+/-0.15 solid ink density fluctuation 116
A15 80% GCR separation AE values and means.
+/-0.20 solid ink density fluctuation 117
A16 100% GCR separation AE values and means.
+/-0.10 solid ink density fluctuation 118
A17 100% GCR separation AE values and means.
+/-0.15 solid ink density fluctuation 1 19
A18 100% GCR separation AE values and means.
+/-0.20 solid ink density fluctuation 120
B 1 Conventional separation AE values and means (for t-Test)
+/-0.10 solid ink density fluctuation 122
B2 40% GCR separation AE values and means (for t-Test)
+/-0.10 solid ink density fluctuation 123
B3 80% GCR separation AE values and means (for t-Test)
+/-0.10 solid ink density fluctuation 124
B4 Conventional separation AE values and means (for t-Test)
+/-0.15 solid ink density fluctuation 125
B5 40% GCR separation AE values and means (for t-Test)
+/-0.15 solid ink density fluctuation 126
B6 80% GCR separation AE values and means (for t-Test)
+/-0.15 solid ink density fluctuation 127
B7 Conventional separation AE values and means (for t-Test)
+/-0.20 solid ink density fluctuation 128
B8 40% GCR separation AE values and means (for t-Test)
+/-0.20 solid ink density fluctuation 129
B9 80% GCR separation AE values and means (for t-Test)
+/-0.20 solid ink density fluctuation 130
xi
Abstract
A color separation technique known as Gray Component Replacement, or GCR has
been an option available to high-end drum scanner operators for the past eight years.
Recently, GCR has been made available by lower-end color system vendors as well. GCR
consists of removing the least predominant process color ink in a unit area, reducing the
remaining colored inks by the same amount and replacing the "gray
component"
of the
color with black ink. One of the reported benefits of the GCR technique is that more
consistency can be realized during a pressrun. If this is in fact true, the first publication
printers who would surely utilize the technique would be newspapers. The problem of
consistency is particularly acute for newspapers. There are a number of reasons for this,
but the primary ones relate to the types ofmaterials used. Newspapers use the cheapest
paper and ink and in many cases, they print with old or poorly maintained presses. They
would surely welcome any process that offered better reproductive quality and more
consistency, provided the investment was justifiable. Since their present color separation
systems allow for the use ofGCR in the majority of cases, its potential in the area of
newspaper printing was investigated in this study.
One factor determining consistency during a pressrun is the control of ink film
thickness. As ink film thickness fluctuates, color variation takes place. This study
compared the amount of color variation realized for a conventional separation and GCR
separations as ink film thickness was varied on press. A separation was made
conventionally and with five levels ofGCR (however only 40% and 80% could be used for
analysis). A Macbeth color checker, comprised of twenty-four color patches, was used as
xn
the test target. Ink film thickness was varied to three fluctuation magnitudes. Twenty-five
press sheets were chosen from the fluctuation cycles. A spectrophotometer was used to
obtain color difference magnitude data (AE) between the ink variation sheets and a sheet
with nominal solid ink densities for both the conventional and GCR separations. A mean
AE value was tabulated for each group. The GCR mean values were compared to the
conventional mean value.
Using both the z-Statistic (formulti-sheet comparisons) and the Student's t-Statistic
(for single sheet comparisons) tests were performed to determine if the difference in color
variation between the conventional separation and the GCR separations was significant
statistically. The t-Tests indicated that less color variation was realized for the GCR
separation if the level ofGCR was substantial (80% as opposed to 40%). Where the data
was deemed valid, no cases existed where less color variation was realized for the
conventional separation. The initial z-Test (when the number of samples was 192) revealed
less color variation for the GCR separations and higher color variation for the conventional
separation. The final z-Test (including all sample press sheets) revealed much less color
variation for the GCR separations compared to the conventional separation.
The amount of color variation was higher for the GCR separations compared to the
conventional separation only in cases where the black ink film thickness was varied.
However, in these cases the difference between the conventional and GCR color variation
means (mean AEs) revealed that the difference was not statistically significant.
xiu
Chapter 1
Introduction
The color separation technique known as Gray Component Replacement (GCR) has
received much attention by the printing industry over the past several years. It is used when
converting a color original to a set of four negatives, each containing the information of the
original in halftone form, so as to reproduce the image via the four process color inks on
paper. GCR consists of removing the least predominant ink in any unit area along with
equal portions of the other two process color inks and replacing them with an equal amount
of black ink throughout the entire image area of the scanned original. The portion of the
color removed is called the gray component. Over the past eight years, research into this
separation technique has been pursued primarily by those concerned with its applications to
commercial offset printing, both web and sheetfed. Several national circulating magazines
have utilized the process on a weekly basis for all editorial color reproductions. 1>2
The proposed benefits of the process, both technical and economical, have received
frequent mention in the literature on the subject. Among these are the ability to print higher
volumes of ink, a reduction in color variation during a press run, reduced trapping
problems, increased image sharpness, brighter looking colors on poorer paper grades,
higher printing speeds, shorter makeready times, reduced ink consumption and reduced
drying problems.3 .4,5 Testing on a large scale has been performed with the results
published by both Newsweek and R.R. Donnelley following a commitment made at the
1985 convention of the Graphic Communication Association. The Newsweek test
demonstrated a decreased sensitivity to ink fluctuations and less trapping problems,0 while
R.R.Donnelley reported 14% less makeready time, 18% decrease in paper waste, more
consistency through press runs and increased latitude in actual printing conditions.^ Even
though GCR separations may occasionally require more work in terms of color correction
efforts at the color separation stage, with such well published benefits to both printers and
publishers, it is difficult to understand why the GCR color separation technique has not
been embraced by the printing industry as a whole.
Given the tremendous support the GCR technique has had through research over the
past five years from offset printing tests, it would seem logical that the process would have
been thoroughly tested for applications when printing on newsprint. Newspapers, especially
dailies, are quite unique among all other types of publication printers. They have the shortest
lead and makeready times since they publish a new product every twenty-four hours with
margins reduced even further when multiple additions are printed. Newspapers are also
limited in the quality of their process color reproductions, since they use cold set inks and
the cheapest grades of paper. They consume farmore ink and paper than any other sector of
the printing industry, and, therefore, are continuously seeking to save time and materials.
By the very nature of the newspaper printing environment, the materials which are
commonly used and the evidence supporting the claimed benefits of the GCR color
separation technique, it would seem that process color halftones produced using the
technique would have become commonplace in the industry. Surprisingly, mention ofGCR
testing on newsprint is virtually nonexistent in the literature.
Perhaps the reason for the GCR separation technique not being utilized by
newspapers to a large extent is that very few of them printed process color pictures on a
regular basis until recently. The success ofUSA Today over the past few years has had a
major impact on the newspaper industry as a whole. It stands as proof that consistent, good
quality process color can be achieved on newsprint. Newspaper organizations that may have
wanted to print process color in the past were unwilling to pursue such a risky and
challenging undertaking even through they had the equipment and the know how to do so.
Since newspapers compete with electronic media now more than ever, the need to attract
new readers and advertisers and keep old ones has become a primary objective. Presenting
them with a good quality, attractive, colored newspaper seems to now have become the
chosen means to accomplish this goal. In 1987 Neal Lorenzi ofAmerican Printer
characterized the current trend when he said, "That old newspaper joke, 'What's black and
white and read all
over,'
no longer rings true. While still true in some cases [and in some
markets], newspapers in general are adding color with a vengeance."^
Many newspapers have gotten rid of their old letterpress presses and replaced them
with new presses that can print process colormuch more consistently and accurately. The
vast majority of these are offset presses. The benefits of the GCR separation technique
have been well documented for printing by offset , albeit commercial work. Since process
color printing by newspapers, especially on offset presses, has now become
commonplace, comprehensive testing ofGCR separations when printing by offset on
newsprint should naturally follow. If the previous successes ofGCR can be repeated on
newsprint, the newspaper industry would likely embrace the technique and its use would
become widespread. The purpose of this study was to investigate one of the most common
claims about separations made with the GCR technique; that more consistency can be
achieved during a pressrun. One specific aspect of pressrun consistency when printing by
offset is maintaining ink film thickness within certain tolerances. Specifically, this study
investigated the effects that fluctuations in ink film thickness, measured in terms of solid
ink density, have on color variation for both conventional separations and GCR separations
during an offset pressrun on newsprint. This study will thus provide some evidence as to
whether GCR can possibly be applied to newspaper printing in the same way that it has
been with commercial offset printing.
This test was conducted by printing on an offset press, the most common type of
newspaper press used to print process color reproductions today. However, the results
may inspire those newspapers that print by either letterpress or flexography to investigate
the virtues of the GCR separation technique as well.
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Chapter 2
Theoretical Basis
In order to understand the GCR color separation technique, its reported benefits, and
its application when printing process color on newsprint by offset, it is necessary to first
discuss some basic concepts in color theory and color reproduction. It is within this context
that the GCR separation technique can be presented as it applies to this particular study.
Color Theory
The visible spectrum, that portion of the electromagnetic spectrum to which the
human eye is sensitive, ranges from slightly less than 400 nm (nanometers) to slightly more
than 700 nm for the average person. All visible light in this area combines to form white
light. This spectrum can be separated into three equal segments of light which form the
majority of the visible spectrum: blue, green and red. These are called the primary colors.
Each of the three colors can be seen, however, only if its corresponding portion of the
visible spectrum reaches the eye. 1 The human eye has three optic nerves that are sensitive to
each of these three bands.
| Blue- -Green -Red
->
400 500 600 700 (nm)
Figure 1 . Portions of the electromagnetic spectrum visible to the human eye.
The sensitivity of each optic nerve spans overmore than one of the three bands. For
instance, one nerve is very sensitive to blue light, slightly sensitive to green light and barely
sensitive to red light. Regardless of this fact, it can be stated that the eye is sensitive to these
three bands of light and how this is accomplished physiologically is of no real concern to
this study. What is important is that all of the millions of colors that can be seen are in fact
made up of three color components which are the three primary colors; blue, green and red.
Additive Color Theory
Ifwhite light is transmitted through a prism onto a white screen, the resulting light
will be dispersed into several bands which merge together without breaks.2 The three major
bands are the primary colors blue, green and red. When these three colors are combined in
pairs of equal amounts, three other colors result: magenta, cyan and yellow. When blue,
green and red are combined in equal intensities, white light results. This type of color is
called luminous color because light emitted from the sources reaches the eye directiy. This
phenomena, light sources in the visible spectrum combining in varying amounts, is called
additive color theory.
Blue + Green = Cyan
Green + Red = Yellow
Red + Blue =Magenta
Blue + Green + Red = White
Figure 2. Result ofmixing equal portions of the three primary colors.
Subtractive Color Theory
Objects in nature reflect and absorb different portions of the spectrum in various
amounts. The reason why a purely green leaf appears green is because the blue and red light
of the visible spectrum are absorbed by the leafwhile only the green light is reflected for the
eye to see. An object may appear gray because it reflects equal portions of blue, green and
red light. If it reflected all of the incident light it would appear white. Likewise, if it reflected
none of the incident light (it had absorbed 100 percent of the incident light) it would appear
black. This phenomena is called subtractive color theory and is the basis for the modern
technique used to print process color.
Process color inks behave similarly to objects in nature. However, they do not
reflect an appreciable amount of light. Instead, they are transparent and have a filtering
effect. As light passes through a process color ink film, approximately one-third of the
visible spectrum is absorbed. The remainder of the light strikes the paper underneath and
reflects back to the eye.3 Cyan ink absorbs the red portion of the spectrum and reflects the
blue and green portions. Magenta absorbs the green portion and reflects the blue and red
portions. Yellow absorbs the blue portion and reflects the green and red portions. To
reproduce an image of a green leaf, a combination of cyan (to absorb the red light) and
yellow (to absorb the blue light) would be needed. Black ink is used in the printing process
as well to achieve greater densities than can be obtained by using only cyan, magenta and
yellow. By combining these inks in different quantities on paper, a large number of
additional colors can be created. The entire set of colors that can be produced by a particular
ink set is called a gamut. Inks which are said to completely absorb one-third of the visible
spectrum and allow the remaining two-thirds of the visible spectrum to reflect off the paper
beneath them are said to be ideal. Real inks absorb and reflect other parts of the spectrum to
some degree. Cyan ink absorbs some green and blue light. Magenta ink absorbs some blue
and red light. Yellow ink absorbs a small amount of green light. If corrective action
(compensating for non-ideal inks) is not taken when printing overprints of these inks, poor
color reproduction will
result.4 Real inks are usually not a problem, since compensating for
the differences is easily accomplished via photographic masking techniques (for camera
separations) or electronic scanner adjustments, which are usually much easier given that
computers are more versatile.
Cyan + Magenta =Blue
Magenta + Yellow = Red
Cyan + Yellow = Green
Cyan + Magenta + Yellow = Black
Figure 3. Resulting color from covering pure white paper with equal
portions of ideal inks.
Yellow Magenta (2yan
100%
Reflection
400 500 600 700 400 500 600 700 400 500 600 700 (nm) 0%
Figure 4. Reflection characteristics of ideal printing inks.
Yellow Magenta Cyan
=5
100%
Reflection
400 500 600 700 400 500 600 700 400 500 600 700 (nm) 0%
Figure 5. Typical reflection characteristics of real printing inks.
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Color Systems
In an effort to describe color for means of communication and measurement, several
systems have been derived and presented over the years. Perhaps the most widely known
system for describing color in the printing industry is attributed to Munsell.5 Munsell
characterized color samples as discrete entities which could be described and placed in
specific locations in a three dimensional coordinate system. The three coordinates are called
hue, value and chroma. Hue is described as that quality of color which is described
specifically by words, such as red-blue, purple-orange etc.; value (or saturation) determines
the amount of grayness the color possesses; chroma is used to describe the level of lightness
or darkness a color exhibits when compared to a color placed next to The Munsell
system can be visualized graphically in a three dimensional space. This "color
space"is
useful in that it provides a means of allowing printers a method of describing color but it
does not provide a method ofmeasurement. Its main benefit today to those involved with
printing process color is that it provides common color terminology. In other words, it
provides a language for describing color.
Value (max.)
(max.) Chroma IminJ
Value (min.)
Figure 6. Graphical representation of the Munsell three dimensional color space.
A color which is said to be completely saturated is comprised of only two of the
three process color inks. Likewise, an unsaturated color contains some portion of all three
11
inks. Returning to the green leaf example, if the reproduction of a color is to be made using
only cyan and yellow, the color green that is reproduced is said to to be saturated.
Reproducing the same leafwith the addition of a small amount ofmagenta creates an
unsaturated green. In this example the level of saturation is determined by the amount of
magenta that does not exist in the color. This may seem slightly confusing but it is a rather
around-about way of saying that a purely saturated color is made up of only two of the three
process color inks. As the third process ink is added to the color, the level of saturation
decreases. Separations made conventionally contain colors which are unsaturated to varying
degrees. Reproductions made with all saturated colors will have poor tone reproduction,
poor color balance and virtually no gray balance. Process color reproductions require
unsaturated colors since any given area in a photograph rarely can be accurately reproduced
without some combination of all three process color inks.
The Black Printer
For some time, printing process color halftones had been achievedwith the use of
the three process color inks; cyan, magenta and yellow. According to Yule in 1967,7 the
addition of the black printer was to serve fourmain functions:
1. To make the control of the other three colors less critical as to ink balance [in
shadow areas].
2. To produce denser blacks and better shadow detail than the other three colors
alone could produce.
3. To substitute a comparatively inexpensive black ink for a portion of the more
costly colored inks.
4. In high-speed wet printing, to avoid the piling up of several inks which do not
print satisfactorily on top of each other.
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Functions 1 and 2 above were historically the primary reasons to add a black printerwhile
functions 3 and 4 can be viewed as cuiTent benefits of the black printer, especially in high
speed web offset printing, only realizable and of serious consideration within the past
decade. At the present time, themain purpose of the black printer is to reproduce an
adequate black because of the inability of combinations of cyan, magenta and yellow
process inks to do so as a result of imperfect absorption characteristics.** By adding an
opaque black ink, shadow detail increases as well as overall image contrast^
Several decades ago, when the black printer was added to the printing process, its
use in assisting in process color reproductions was complicated by twomajor problems.
According to Yule in 1949*0, these were:
1. Determining what information the black printer should contain.
2. Determining the bestmethod to actually produce it.
The first problem was created by the fact that there are really two ways to produce an
unsaturated color. When using three process color inks, a color can be reproduced in only
one combination. However, when adding black ink, the color can be reproduced by using a
maximum amount of black ink and aminimum amount of the three colored inks or a
minimum amount of black ink and a maximum amount of the three colored inks, as well as
any combination between the two
extremes.1 * Ideally, it was decided that the black printer
should be a record of the gray component of the picture with its overall contrast and density
determined by the requirements of the printing process.
The gray component of any color was defined by Yule,12 as the maximum amount
of black ink which could be substituted for the yellow, magenta and cyan of an accurate
three-color reproduction in any area without degrading the color. This brought about the
second problem in that no suitable means existed for developing the ideal black printer,
since the only effective method ofmaking one is by an electronic scanning machine which,
at that time, was still many years away. Only in the past several years could the ideal black
13
printer be made. Michael Bruno13 reported one method by which this
"ideal" black printer
may have been created using photographic techniques, but it was a three stage process
requiring considerable time and sixteen to twenty-four sheets of film. Therefore, a second
type of printer called a"skeleton"black printer, one which carried only enough black ink to
increase the range of neutral grays, was developed for the industry.
The skeleton black printer would only begin to print in areas of the picture where
overprints of the three colored inks reached their maximum printing density, a value which
varies depending on the types of ink and substrate. As efforts were made to increase the
amount of ink carried by the black printer, thereby extending the range of the skeleton
printer, problems arose in the shadow areas. Amounts of the other three inks had to be
decreased in these areas to make room for more black. 14 Otherwise, a darker image with
poor color reproduction would be made and the danger of offsetting would increase since
much more ink lay-down would occur in the shadow areas. 15 This problem was addressed
by SWOP standards (Specifications forWeb Offset Publications) for commercial work
printed by offset lithography.
SWOP standards state that for publication web offset printing, the maximum total
dot percentages of all colors should not exceed a sum of 300 in any location. For example, a
shadow area may be reproduced by dot sizes of 65 percent yellow, 70 percent magenta, 80
percent cyan, and 85 percent black for a total of 300 percent (a substantially lower dot total
can be achieved on newsprint because cold set inks and a much poorer substrate is used). If
the dot sizes in an area exceed this total value of 300%, measures must be taken to reduce
them. This process became known as under-color removal or UCR. UCR consists of
removing an equal dot percentage of the three process color inks and replacing them with
black of an equal percentage such that the sum of the dot size percentages of all four colors
does not exceed 300. In the past, under-colormasking techniques were used for camera
14
separations to perform under-color removal while modem electronic scanners require only a
manual adjustment by the operator. UCR can be used with or without GCR.
2.0
Print
Density
1.0-
4_Color Max. Density
2*o Original Density
(above highlight)
Figure 7. Reproduction characteristic where amount of black only prints when
three color gray has reached its maximum density (taken from Polychromatic
Colour Removal Revolution or Evolution? by Tony Johnson, TAGA Proceedings
1985 p. 35).
The use ofUCR may be necessary when making separations using a high level of
GCR. This is necessitated by the fact that only relatively low maximum densities can be
achieved on newsprint because of the poor grade of the substrate and relatively high dot gain
values, particularly when printing by offset. Instead of a maximum density near 2.0 for
commercial printing, only about 1.0 to 1.2 can be achieved in shadow areas on newsprint
Above this value, ink set-off is likely to occur because cold set inks are slower to set than
inks used for commercial work and pressure in the folder is usually greater on a newspaper
press than it is on a commercial press. With high levels ofGCR, the sum of the dot sizes of
the four inks in shadow areas may be too high to attain and hold any contrast. Therefore,
UCRwill curtail very high densities in shadow areas or near shadow areas where some
contrast is still desired. Otherwise, shadows will appear muddy or completely opaque and
15
all information in these areas, provided by tone contrast, will be lost. Frequendy in
newspaper printing, these areas are purposely neglected as most information and contrast is
limited to highlight and midtone areas. Excessive amounts of dot gain usually curtail further
shadow enhancement.
Gray Component Replacement Separation Technique
Two types of black printers were described above; the skeleton printer and the ideal
printer. A skeleton black printer is generated when conventional separations are made while
the ideal black printer is generated when GCR separations are made. In order to understand
the GCR separation technique, it is important to first discuss conventional separations. The
differences between the separations that are made from each process, specifically in terms of
the black printer, will then be apparent.
Conventional Separations
The type of skeleton black printer described above is made when a conventional
four-color separation is made either by photographic masking techniques or an electronic
scanner. Discussion of separations made photographically will be neglected here since gray
component replacement separations can only be made within the production constraints of a
newspaper by the use of an electronic scanner. The following explanation is quite simplified
but the objective here is to differentiate only between the two types of separations and in
particular, their resultant black printer.
When color copy, either reflection or transmission, is scanned by a modem
electronic drum scanner, unit areas are illuminated sequentially within vertical scan tines by
a light source. The light projected to the scanner passes through a series of filters
(complementary colors are utilized, ie. red for cyan, blue for yellow, green for magenta)
which collect the information contained within each of the three bands of light that reflect
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(reflection copy) or are transmitted (transmission copy) from the original. The light energy
from each of the three bands is converted to an electrical signal by one ormore photocells or
photomultiplier tubes depending on the type of scanner. The magnitude of the signal
generated is proportional to the amount of light received through the filters for each of these
three bands. The output device exposes film for each of the three process color inks
corresponding to themagnitude of the amperage level output by the photocell(s) or
photomultiplier tube(s) and thus the relative magnitude of the tight received in each of the
three bands. In this way, three separations are made; cyan, yellow and magenta. The black
printer is generated by the scanner's color computer (or scanning software as is the case
with lower-end scanning systems) which utilizes the magnitude of the three signals
generated for each of the three process color ink separations. The computer creates black
dots in unit areas dependent upon the total density of the three process colored ink values.
Where densities will be high, black ink is used in place of a portion of each of the three
colored inks. It is important to note that the computer will only generate black dots in unit
areas that have sufficiendy high densities of the three colored inks, ie., where the high
density cannot be achieved by the three colored inks alone. Naturally, in areas of the original
that contain black, black dots will always be generated instead of only a combination of
large dot sizes of the three process color inks.
GCR Separations
The ideal black printer is generated by an electronic scanner in much the same way
as the black printer generated when conventional separations are made. But there is one
distinct difference and this is related to the amount of information that the black separation
carries. The three process color separations are made by the same filtering technique as with
conventional separations. However, instead of the color computer generating black dots in
unit areas where the density of the original is sufficiently high, black dots are generated in
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any unit area where the three process color inks print. Black dots are generated in unit areas
to replace the entire gray component of the color. The gray component is defined as the
corresponding dot sizes of all three colors that equal the dot size of the least predominant
color in a unit area, while the hue of the color is the color that remains after the gray
component is removed. The distinction between the gray component and hue of a color is
shown graphically in Figure 8.
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Figure 8. Distinction of the gray component from the hue in a conventional
separation of a green leaf (skeleton printer).
From the above discussion, it can be generalized that the significant difference
between conventional and GCR separations is the criteria by which the color computer
(or scanning software) of an electronic scanner lays down black dots. In a conventional
separation the purpose of the black (skeleton) printer is to control densities in shadow areas.
In a GCR separation the purpose of the black (ideal) printer is to replace the gray component
of all colors in every unit area throughout the entire density range of the picture. With a
GCR separation, the amount of information from the original that is carried by the black
printer is far greater than that of the black printermade conventionally.
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Gray component replacement is characterized by the removal of the least
predominant of the three colored inks, reducing the dot size of the remaining two inks by the
original percentage of the ink that was removed, and adding black in an equivalent amount.
The hue of the color ismaintained as well as its value and chroma since the black ink
replaces only the gray component of the color. The hue of the color is thus defined as die
dot sizes of the two remaining inks while the value and chroma of the color is determined by
the amount of neutral black. This process occurs in each unit area of a reproduction, that
being the location where only one dot of each color prints. This area is limited in size by the
screen ruling used to create the halftone. The basic theory behind the concept is that the ink
present in the lowest quantity of a unit area only provides darkening and shape of the hue
and black ink can perform the same function. 16 Full GCR, pure GCR or 100 percent GCR
removes all of the least predominant color and an equal portion of the remaining two inks,
replacing them with black. However, high end electronic scanners generally allow for
various levels ofGCR, usually from zero to 100 percent in ten or twenty percent
increments. For example, 50 percent GCR would remove and replace 50 percent of the least
predominant ink and an equal amount of die other process color inks, replacing them with
black ink.
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Figure 9. Reproduction of the green leaf using full (100%) gray component
replacement (ideal printer).
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It is important to note that gray component replacement only occurs after color
correction has taken place. This results from the fact that real inks do not exhibit ideal
absorption characteristics. Once a color is designated for a unit area on an electronic color
scanner, the dot sizes for each of the four inks are established on film only after taking into
account their respective absorption response curves. This information is generally
programmed in by the operator. If gray component replacement is then used, the inks will
be reduced by portions which differ from those shown in Figure 8. Magenta absorbs some
red and blue light, yellow some green light and cyan some green and blue light.
While there is a limit on how much ink can be printed, particularly in neutral shadow
areas (where UCR is used), there is also a limit on how tittle can be printed. When using
gray component replacement or under-color removal, theremay be insufficient color
underlaying the added black ink. This may cause darker neutrals to lack saturation and
depth. I7 Therefore, some amount of the removed inks must be added back to produce a
deeper, stronger black. Adding these inks back in darker neutral colors is calledUnder
Color Addition (UCA). UCA is accomplished automatically by software algorithms in
electronic color Scanners when eitherGCR or UCR is used. Epperson18 reports that there
are some colors such as olive greens and browns which need some amount of all four color
inks because it is difficult or impossible to produce them with two colored inks and black.
For this reason, Epperson does not recommend the use of full (100%) GCR. Additionally,
Sigg and Cost^ note thatmisregistration on press can result in white lines around objects in
an image when full GCR is used.
Color Variation On Press
One of the most frequent claims for the GCR process is that it provides more latitude
and more consistency during a press run, specifically when ink film thickness
fluctuates.2^'2!'22 A change in ink film thickness varies the easily measured variable called
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solid ink density, commonly measured with a reflection densitometer. In offset printing, ink
film thickness (TFT) and solid ink density across the press sheet are set in varying amounts
by the pressman by the adjustment of ink keys. The values set on press do not remain
constant throughout a pressrun, but vary within some tolerance band, the size ofwhich is a
characteristic of an individual press. Field23 reports three mechanisms which cause color
variability within a reproduction as a result of changes in ink film thickness. These
mechanisms are percent ink fluctuation, ink laydown (trapping) and dot gain. A discussion
of these threemechanisms and the theoretical effects on each when using gray component
replacement follows.
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Figure 10. Changes in magenta ink film thickness cause changes in hue
(conventional separation).
Increasing the EFT of individual process color inks causes colors to become darker.
This causes shifts in hue as well, since any change in the least predominant color ink (LPI),
which would normally determine the level of saturation, changes the relative percent of the
other two colors which combined to form the hue (Figure 10). Returning to the green leaf
example, any change in magenta (the LPI) will change the relative percentages of the other
two inks and thus the hue. When full (100%) gray component replacement is used, the same
green leaf is reproduced with cyan, yellow and black inks only (magenta has been replaced
with black). Fluctuations in the black solid ink density (the
'new'
LPI) will only darken or
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lighten the image while changes in the magenta solid ink density will have no effect on the
color (Figure 11).
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Figure 11. Changes in magenta ink film thickness cause no change in hue
(GCR separation).
Magenta does not print in the unit area.
Ink trapping variations, caused in part by changes in ink film thickness, also cause
hue shifts. If ink tack remains constant, and the EFT of the first-down ink is increased
relative to the second-down ink, poorer trapping results. Likewise, if the IFT of the second-
down ink is increased relative to the first-down ink, improved trapping results. These
effects will vary the hue of an overprint as changes in IFT cause trapping fluctuations. The
hue change will be in the direction of either of the first or second colored inks to be laid
down. In the green leaf example, if full GCR is used, changes in trapping performance of
the black ink or the LPI that was replaced in any given unit area will again have no effect on
hue, only a lightening or darkening of the reproduction will occur.
The third mechanism which causes color variability as IFT fluctuates is dot gain. As
ink is transferred from a halftone dot on the plate to the blanket and from the blanket to the
paper, the ink resident upon the dot is forced outward around the dot's perimeter under
pressure, thus increasing the area of dot. The result is a larger dot on the press sheet than
was originally on the plate. Dot gain is a characteristic of an offset press. Although it is
somewhat controllable, primarily by adjusting impression, each press and more specifically
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each press unit has its own dot gain value. It is usually not a problem in halftone
reproduction as the amount of gain in the production process from film to press sheet is
known and it stays relatively constant. However, if IFT decreases on a press unit, the ink
transferred to an individual halftone dot decreases, thereby decreasing the dot gain value and
thus the size of the final dot Likewise, increases in IFT will increase the ink transferred and
increase the dot gain value. Such fluctuations in dot gain will have the effect of shifting the
hue in a unit area as well as darkening or lightening the tone. If separations are made using
full GCR, dot gain changes will reduce overall color shifts, since changes in black or die
LPI dot gain values will only result in a lightening or darkening of the color and not changes
in hue. Hue changes would still occur, however, if die EFT of either or both of the two
predominant process colors varied. However, these are only two of four inks in any unit
area throughout the image. Changes in hue would result when separations are made
conventionally for any process color IFT variation from the nominal value except for the
black IFT. Stated differendy, changes in hue would seem to be minimized ifmore black ink
was used throughout the reproduction, since a change in EFT of any process color would
have no effect on areas where that colored ink was the LPI.
The fluctuation of ink film thickness on a newspaper press and the resultant change
in color for both conventional separations and separations utilizing gray-component
replacement were compared in this study. From the above discussion is would seem logical
that separations made with GCR would exhibit less color shifts overall compared with
separations made conventionally because one of the three components of defining color,
namely hue, should not change when the removed color is varied on press. A change would
be realized, however, if one or both of the remaining
inks' IFT were varied. Moreover, the
reduction in dot sizes of all colors throughout the reproduction should reduce the effects of
dot gain when a color is varied which is not the least predominant color in a unit area being
measured. However, it also seems that separations made with less than full GCR
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would also exhibit slightly higher color variation than those made with full GCR since the
LPI would still exist in almost all unit areas to some degree. In this case, some hue shift
would be expected along with changes in saturation and lightness/darkness. Therefore, it
was expected that the amount of color variation realized was dependent upon the amount of
GCR used when making the separations. It is also likely that separations made with high
levels ofGCR would prove inadequate in practice since some colors need a combination of
all three process inks to reproduce adequately.24 This phenomena, earlier attributed to
Epperson, will not pertain to this study.
Color Measurement
In order to measure the degree of shift in a color as a result of variations in ink film
thickness, a means of quantifying color must be established. Previously, the Munsell
system was presented as a system to describe a color verbally based on a three dimentional
coordinate system. The terms used to describe a color still apply to its measurement, but
another system was introduced in this study to assign numbers to color changes. The
system that was used to accomplish this function is called the CIELAB system and the color
space which will quantify the results is called the CLE
L*a*b* color space.
Cffi System
For color to exist as a stimulus, allowing the brain to perceive light in bands of
varying amounts, three entities are necessary: a source, an object and an observer. The light
source projects upon an object (ink and paper), the object absorbs and reflects portions of
the light and the observer views the light reflected. The object can be considered constant,
but both the source and the observer can vary. For example, objects viewed under different
types of light (incandescent or fluorescent) may appear to be of different colors to the same
observer. Likewise, two different observers may view the same object under a constant light
source and see different colors. The CIE system functions under the pretext that both the
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light source and the observer are held constant. Therefore, any variation in perceived color
can only be attributed to a change in the absorption and reflection characteristics of the
object.
The CB2 system yields a detailed description of the light-reflecting properties of an
object since the amount of light reflected is recorded at discrete wavelengths (millimicrons
mu) throughout the continuum of the visible spectrum. Since the reflected light is measured
and the incident light is known, the amount of light absorbed by the object is also known.
These values at each discrete wavelength can be recorded to plot a curve but this does not
specify the color directly. The information is used to calculate a set of three numbers which
do represent the object's color.2^ These three numbers are called tristimulus values and are
represented by the variables X, Y, and Z. The Y variable represents the object's luminance;
the average of the spectral reflectance weighed according to the standard observer sensitivity
and the spectral characteristics of the standard source. The X and Z variables represent die
amount of red and blue light relative to the source and the sensitivity of the observer.26
From the tristimulus values a mathematical transformation takes place where three resultant
variables remain, called chromaticity values. These variables are denoted by x, y, and z.
The tristimulus value coordinates or the chromaticity coordinates accurately describe
a color. However, when colorimetry is used formeasuring, an additional transformation is
performed. This results in a new system describing color in terms of what is called
opponent-color coordinates.2^ These color coordinates are based on opponent-color theory
which argues that a color cannot be both red and green at the same time, nor yellow and blue
at the same time, although a color can be both red and yellow or green and yellow at the
same time. Therefore, only two variables determine the hue of a color while an additional
variable determines the lightness of a color. This is the foundation for the L*a*b* system.
Coordinate "a" determines a color's degree of redness or greenness, which is positive if the
color is more red than green and negative if it is more green than red. Coordinate
"b"
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determines a color's degree of yellowness or blueness, which is positive when more yellow
than blue and negative when more blue than yellow. The coordinate "L" determines the
lightness or darkness of a color and is a maximum of 100 when the color is purely white
and 0 when the color is completely black. All of these values are calculated using a standard
observer and a standard source.
(Green)
L = 0 (Black)
Figure 12. Graphical representation of three dimensional L*a*b* color space.
The use of a three coordinate system gives rise to the idea that colors can be
imagined to exist at specific points within a three dimensional color space. Two colors can
then be compared mathematically by using a static physical calculation involving vector
algebra (actually a root mean square). If two colors are created with a particular ink set on
the same substrate and are viewed by the same observer and illuminated by the same light
source, then the square root of the sums of the squares of the differences between each
coordinate for the two colors will yield the relative distance between the numbers in
numerical form (the magnitude of the vector drawn between the points in three dimensional
space). The number which results is called the AE (delta E) value and its magnitude
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represents the relative difference between two colors. This AE value will be used in this
study to quantify the color variation that is measurable between a given color when
subjected to solid ink density variations from nominal values and the same color when
printed with nominal solid ink densities. Figure 13 illustrates the mathematics involved in
this calculation with a typical example.
AE= ((al-a2)2+(bl b2)2+(Ll L2)2)1/2
Color 1 Color 2
a = -12.4 a = -12.1
b = 100.2 b = 103.2
L = 87.2 L = 84.2
AE = ((-12.4 - -12.1)2+ (100.2 - 103.2)2 + (87.2 - 84.2)2)ly2
AE = 4.25
Figure 13. Example of the calculation ofAE between two colors.
The most practical instrument that can be used tomeasure differences in color
between two printed objects is a colorimeter. Colorimeters yield numerical values for the
difference between two colors in terms of dE. It is exceptional for simulating the perception
of a human observer to color differences between printed material as well. LargerAE values
represent larger color variations which correspond well with the perceived differences
detected by the human eye. They can also detect small changes in hue, and lightness and
darkness of a color that cannot be distinguished by a human observer. These changes are
not important in any other than a scientific sense, since a color change that cannot be
detected by the human eye is of no concern to the printer. To use a colorimeter a reading is
taken from one area on a sheet followed by a reading on another sheet. The L*a*b* values
are calculated for each color and the differences in magnitude between the two colors, the
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AE value, is displayed. Spectrophotometers, instruments that provide spectrophotometric
data, provide L*a*b* values and perform AE calculations as well.
Based on thesis work performed by Scott Stamm2^ at Rochester Institute of
Technology in 1981, it was found that a numerical difference of six AE units as measured
by a colorimeter in the L*a*b* color space was detectable by a human observer (AE values
lower than this value were not significant). It was also found that none of the three variables
used to describe color (hue, chroma and value) was more significant than the other two in
terms of color variation. This thesis work can help to determine if the color variations that
take place as ink film thickness is varied for both conventional and GCR separations is
significant in light of Scott Stamm's conclusions. The data generated in this study was
compared to these numbers when the analysis of the data was complete. Scott Stamm's
findings are reported in more depth in the following chapter.
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Chapter 3
Review of the Literature
Although John Yule is frequently cited in die literature as being the first to propose
the gray component replacement technique, the concept seems to have been firstmentioned
byWilhelm Ostwald in the Magazine Die Farbe [Color] (No. 17) in 1921 as reported by
Harald Kuppersl in his book Color Atlas, A Practical Guide for Color Mixing. Here,
Ostwaldmentioned achromatic colormixing (creating color by the use of only two process
colors) by utilizing black as much as possible. In the United States, J. A. C. Yule described
the historical basis for the black printer, the
"skeleton"
printer, which was developed for the
industry and is still in use today. He went on to present the case for a new type of black
printer when he said, "If suitable corrected negatives could be made easily, the best results
would usually be obtained by using the maximum possible quantity of black, and printing
not more than two of the three subtractive colors at any one point."2 In 1949, Yule stated
that this black printer, which he called
"ideal,"
should be a record of the gray component of
the picture and that its over-all contrast and density should be determined by the
requirements of the printing process under consideration. The gray component of the
picture was defined by Yule3 as "the maximum amount of black ink which can be
substituted for the yellow, magenta and cyan of an accurate three-color reproduction in any
area without degrading the
color."The problem at the time was that no suitable, practical
method for creating such a black printer existed until the electronic scanner, with its
advanced software and computer speed, could perform the task. Such a scanner became
available only within the last decade.
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The concept of an electronic scanning machine that could generate this
"ideal" black
printer was first presented in the United States by Arthur C. Hardy and F. L. Wurzberg in
the Journal of the Optical Society ofAmerica in 1948.4 Through the use ofmathematical
equations, they explained that if a gray scale was included with the original copy to be
scanned the color plates would not reproduce the scale. It would be generated completely
by the black printer. In a second article in the same publication they described the theory
behind such a technologically advanced scanning machine.^ In 1954, Tobias^ reiterated the
concept of an electronic scanning machine that could separate the gray component from the
original so that it would be carried entirely by the black printer. He stated that with a neutral
black, binary combinations of inks "...determine uniquely the chromaticity coordinates x
and y, defining the hue and saturation of the mixture and that black may be added to control
the third independent variable of luminance." In 1967, Yule7 again mentioned the ideal
black printer and the electronic scanning machine that was slowly emerging from
imagination to reality.
In Harald Kupper's Color Atlas, sample color patches (over 5500 different hues)
were made chromatically (using three colored inks) and achromatically (using the GCR
process). The achromatic colors were produced in grids by using two process color inks
plus a constant level of black tint. Page by page the saturation of the colors decreased by
increasing the component of the black tints. The saturation of the chromatic colors
decreased by increasing the tint level of the third process color ink instead of black. The
side by side comparison of the color patches made by each process demonstrates a
successful implementation of the GCR separation process. The colors are not exact
duplicates of one another since they are simply screen tints which increase incrementally.
No attempt was made to reproduce a color by achromatic means to look the same as one
made chromatically. However, the examples provided some of the first evidence of printed
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work utilizing various levels of the
"ideal" black printermentioned years earlier in the
literature.
In the 1984 TAGA Proceedings, Dr. Eggert Jung ofDr. -Ing. R. Hell Gmbh, Keil,
Germany explained the GCR process for two systems manufactured by his company; the
Chromagraph 399 ER which utilized an advanced color computer to perform CCR
(Complementary Color Reduction) and the Chromacom system which performs PCR
(Programmed Color Removal) via a lookup tabled Other scanner manufacturers marketed
similar schemes with their products to perform the gray component replacement function.
In fact, every scannermanufacturer coined a new term for the GCR process. This created
great confusion in the industry in the early to mid-1980's. Itek used the anachronym PER
for Programmed InkReduction, Crosfield used PCR for Polychromatic Color Removal and
Dainippon used ICR for Integrated Color Removal. The terminology problem was
addressed by Franz Sigg and Patricia Cost, two researchers at Rochester Institute of
Technology's T & E Center in 1984 After polling people in industry and education they
coined the term Gray Component Replacementwhichmost accurately described the process
that removed the gray component from a color, replacing it with black.
Several articles relating to GCR have been published since that time in the TAGA
proceedings. Schwartz, Holub andGilbertl discussed the effects ofmetamerism and
viewing conditions on GCR separations.
Frostl 1 reiterated the benefits of the process and
expanded upon Jung's explanation. Sayanagil2 presented amathematical argument for the
optimization of the black printer. Johnson I3 again stated the reported benefits of the
technique and presented the considerations needed tomake GCR separations on a scanner
from a theoretical viewpoint. Numerous additional articles have appeared in trade
magazines. They have mainly served to present the benefits of die process to those in the
general printing industry and to report the research conducted to date.
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Two other studies, published in the TAGA proceedings but not mentioned above,
have had some influence on this study. The first of these was by Birkenshaw, Scott-
Taggart and Trittonl4 entitled "The Black Printer." These three researchers from PIRA
generated conventional and GCR separations from the same original on four different
scanners. Printing took place on a sheetfed lithographic press. By deliberately varying ink
film thickness (solid ink density), and thus dot gain values, they determined that GCR
separations provided more stability especially in shadow areas. They reported thatGCR
separations were less sensitive to slightmisregistration errors in lighter areas but were more
sensitive in areas where a saturated color was surrounded by a neutral (because of low
levels of neutral gray in the background). In addition, they noted that rosette patterns were
more obvious with GCR separations but they yielded a brighter, cleaner reproduction when
compared to the conventional separations. Surprisingly, these researchers have been the
only ones to mention newsprint in the TAGA proceedings since the GCR separation
technique was first introduced When discussing die cleanness and brightness of colors
they stated, "This should be particularly advantageous when printing on substrates which
have poor brightness, such as newsprint and other uncoated papers. 15 In their final
statement of the report they concluded, "GCR separations for printing on newsprint and
other uncoated papers require a higher level of black support than on coated paper, this will
reduce the benefit of reduced ink consumption but benefit will still be gained from the
cleaner colours and the more stable result."!6 Since this article was published in 1986 no
testing on the GCR separation technique on newsprint has been reported anywhere in the
literature.
The second study published in TAGA thatmay have some bearing on this study
was by Gary G. Fieldl7 of the California Polytechnic State University. He performed an
experimental test on a conventional and a GCR separation made from the same original.
The two were placed on the same form and printed at various ink film thickness levels. By
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sampling press sheets and measuring color patches with a colorimeter, he determined that in
most cases the use ofGCR resulted in reduced image color variation. However, for certain
colors, the use ofGCR actually increased image color variation. His recommendation was
that GCR should be used in moderate amounts (ie., high levels ofGCR, near 100 percent,
should be avoided). Field used five different ink settings in addition to the setting labeled
"standard." His study was limited in that he did not report what levels ofGCR were studied
nor the differences in color variation that were achieved at different levels. Additionally, he
did not vary colors individually at specified increments above and below the standard
setting. It would have been interesting to see the data that was collected at a certain change
in solid ink density, such as .10 or .20 from the standard setting. The samples he used
were each of the 24 color patches in a Macbeth Color Checker. This type of color checker
was also be used in this study.
One report published in the TAGA proceedings that does not address GCR will
govern some of the observations made of the data collected during this study. This report
was the result of graduate thesis work done by Scott Stamml^ at Rochester Institute of
Technology in 1981. His work determined that an overall magnitude of no more than six
AE readings in the CEE L*a*b* color space between two colors is deemed acceptable by
print buyers. Stamm's study concentrated on
customers'
allowable differences in Allen
charts for the packaging industry. Also, he determined that none of the three components of
a color that are measured in the L*a*b* color space was more significant than any other
component when two different colors were compared. This seems to provide evidence for
the idea that color changes are noticeable and deemed intolerable at a certain AE value and
that the specific color changes in the variables of hue, chroma, and value are equally
important. This information was significant to this study for two reasons:
1 . Measuring the hue, value and chroma of a color was important since each
parameter in an L*a*b* color variation measurement is important
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2. A AE value less than six in magnitude may not have been significant This could
be important if it was found that AE values less than six were obtained between OK
press sheets and press sheets with high variations in ink film thickness for both
GCR and conventional separations. In this case, the GCR separation process may
not prove to provide better stability on a newspaper press in a practical sense
regardless ofwhat is inferred by statistical conclusions.
Stamm's study was based on the color variations that a group of people knowledgeable
about printing considered acceptable. This is not the general public, die audience of the
modern newspaper that prints process color. However, it does provide a bench mark of
some type so that the summary of the collected data can be put in an additional perspective.
Two private studies on the GCR separation technique were performed by both
Newsweek 19 and R. R.
Donnelley
following a commitment made at the annual
convention of the Graphic Communication Association. The results of these tests were
reported in several publications that serve the general printing industry. The reports are not
technical enough to have any bearing on this study although they did serve to publicize the
GCR separation technique to a large number of professionals in the industry.
In a graduate thesis work at Rochester Institute ofTechnology in 1985, Brian
Philippsen2! investigated the effect on hue resulting from black overprinting in halftone
reproductions. His study consisted of printing a series of colored tint patches on a sheet fed
lithographic press. The black ink was printed approximately 1.5 hours later (an overprint).
By analyzing the color patches with black overprinting the other colors by a certain
percentage, Philippsen determined that high levels of black ink throughout the density range
of the reproduction would increase hue shifts ifmisregistration occurred. He concluded that
GCR separations would probably never be used in commercial work and would be limited
to uses where large color variations were acceptable. He did not, however, alter any
variable on press to measure the stability of the process. Nor did he actually create color
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separations using an electronic scanner where the pattern of dot lay down may have effected
overprinting. Finally, he did not compare conventional separations to GCR separations.
For these reasons, Philippsen's results and conclusions have little bearing on this study.
In 1987, Hans Kellogg, in a graduate thesis while a student at Rochester Institute of
Technology, performed a study of conventional and GCR separations.22 On a lithographic
press and on coated stock, he varied the ink film thickness above and below an OK press
sheet's nominal values which contained three separations made from die same original; one
conventional and two using GCR. The GCR separations were at 60% and 100%.
Kellogg's work is similar in many ways to this study but different in three key aspects.
First, this study examined the effects of solid ink density on GCR separations at five levels
(20%, 40%, 60%, 80%, and 100%) instead of two. In this way it's aim was much more
comprehensive. Second, this test was run on newsprint with cold set inks, a lower screen
ruling and a constant press speed was maintained. Third, Kellogg's hypothesis was that
hue shifts could be minimized by using GCR separations compared to conventional
separations. This variable, namely hue, is in fact what he measured. However, based on
the work by Scott Stamm, hue is not the sole factor determining what change in a color is
significant to a viewer. Therefore, this study measured color variation on press as a
function of fluctuations in solid ink density in terms of delta E (AE), not delta hue, as did
Kellogg.
Endnotes for Chapter 3
1 Harald Kuppers, Color Atlas, A Practical Guide to ColorMixing (Barron's
Woodbury, New York 1982).
2 J. A. C. Yule, "Theory of Subtractive Color Photography III. Four-Color
Processes and the Black Printer," Journal of the Optical Society ofAmerica 30 (Aug.
1940): 322.
3 J. A. C. Yule, "Color Correction and the Black Printer," Technical Association of
the Lithographic Industries: Proceeding of the First Annual Meeting, (1949): 1.
4 Arthur C. Hardy and F. L. Wurzburg Jr., "Color Correction in Color
Printing,"
Journal of the Optical Society ofAmerica 38 (April 1948): 300.
5 Arthur C. Hardy and F. L. Wurzburg Jr., "An Electronic Method for Solving
Simultaneous Equations," Journal of the Optical Society ofAmerica 38 (April 1948): 308.
Philip E. Tobias, "A Color Correction Process," Proceedings: Technical
Association of the Graphic Arts (1954): 86.
7 J. A. Yule, Principles of Color Reproduction (John Wiley & Sons, 1967), p.
282.
8 Dr. Eggert Jung, "Programmed and Complementary Color Reduction,"
Proceedings: Technical Association of the Graphic Arts (1984): 135.
9 Franz Sigg and Patricia Cost, "On Second Thought, Let's Call it 'Gray-
Component
Replacement'," Technical and Educational Center for the Graphic Arts,
Rochester Institute ofTechnology, 12 (Sept./Oct. 1984): 5.
10 Michael Schwartz, Richard Holub and Jeffrey Gilbert, "Measurements ofGray
Component Reduction in Neutrals and Saturated
Colors," Proceedings: Technical
Association of the Graphic Arts (1985): 16.
1 1 Bruce A. Frost, "The Gray Component Replacement - A New Trend in Color
Reproduction," Proceedings: Technical Association
of the Graphic Arts (1986): 399.
I2 Kazuo Sayanagi, "Black Printer, UCR and UCA Gray Component
Replacement," Proceedings: Technical Association of the Graphic Arts (1987): 711.
37
38
I3 Tony Johnson, "Polychromatic Colour Removal - Revolution or Evolution?,"
Proceedings: Technical Association of the Graphic Arts (1986): 1.
14 J. W. Birkenshaw, M. Scott-Taggart and K. T. Tritton, "The Black Printer,"
Proceedings: TechnicalAssociation of the Graphic Arts (1986): 403.
15 Ibid., 419.
16 Ibid., 429.
I7 Gary G. Field, "ColorVariability Associated with Printing GCR Color
Separations," Proceedings: Technical Association of the Graphic Arts (1986): 145.
1 Scott Stamm, "An Investigation of Color Tolerance," Proceedings: Technical
Association of the Graphic Arts ( 198 1 ) : 156.
19 Robert Atkins, "Shenandoah Valley's GCR Experiment," High Volume Printing
5 (August 1987): 17.
20 Agi Rosos, "Is GCR Dead? No!," Proceedings: Web Offset Section (1989):
268.
21 Brian Philippsen, "The Effects on Hue Resulting from BlackOverprinting in
Halftone Reproductions," (Master's Thesis, Rochester Institute ofTechnology, 1985).
22 Hans P. Kellogg, "The Effect of Solid Ink Density on Shifts in Hue in Gray
Component Replacement," (Master's Thesis, Rochester Institute ofTechnology, 1987).
Chapter 4
Statement of the Problem
Rationale
As was stated in Chapter One, more newspapers are printing process color
reproductions today than ever before. Though limited in quality by the materials used
(inks, substrate and presses) and having relatively meager lead times, a major objective is
to print good quality color with as much consistency as possible. Any technique that can be
utilized to improve both the quality and consistency of color reproductions would certainly
be welcomed provided it does not increase cost or consume considerable time. One of the
reported benefits of the gray component separation technique of producing separations is
that more consistency can be achieved during a press run. Since gray component
replacement is now an option on almost all modem drum and desk top scanning systems
and it requires practically no additional effort or cost, its application to printing process
color on newsprint should be investigated. It seems likely that newspapers more than any
other type of publication printer could benefit if the reported claims are, in fact, valid.
If the gray component replacement separation technique can be shown to contribute
to more consistency during a newspaper press run, it is likely that its use would become
widespread throughout the industry, since ink film thickness fluctuations occur on all offset
presses, more on some presses and less on others. The degree of this variation usually
depends on the type of press, its age and frequency of use (run duration), the amount of
regular maintenance it receives and the attention of the press crew during the run. In
general, it is safe to say that more ink film thickness variation occurs on newspaper presses
than on more critically controlled commercial presses. In Chapter two, the effects that this
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inherent variation has on process color reproductions were described. The focus of this
study was to examine whether separations made using gray component replacement could
provide more consistency than separations made conventionally when ink film thickness
varied during an offset press run using newsprint as a substrate.
Objective
The primary objective of this study was to test one of the claims for the gray
component replacement separation technique; specifically, thatmore consistency can be
achieved during a pressrun. Since one factor contributing to consistency during an offset
pressrun is ink film thickness variation, the effects of these variations on the magnitude of
color variation for conventional separations compared with thosemade using gray
component replacement was investigated.
Hypothesis
As ink film thickness varies above and below a nominal value on an offset
newspaper press printing process color, less color variation will occur in a reproduction for
which a gray component replacement separation was used compared with the same
reproduction for which a conventional separation was used.
Research Questions
As was stated in Chapter Three, the gray component replacement separation
technique has not been adequately tested for its applications to printing process color on
newsprint. For this reason, information will be provided in addition to that presented as a
result of the test employed to either accept or refute the hypothesis stated above. Therefore,
an attempt was made to consider the two research questions below based on the data that
was collected.
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1) Most modern drum scanners and some desk top scanning systems provide for
the use of varying levels ofGCR. For example, a range of from 0% to 100% in ten or
twenty percent increments is usually available to the operator. The hypothesis was tested
using a separation made with 100% GCR. However, data was collected and analyzed using
the same separation scanned with four other levels ofGCR (20%, 40%, 60% and 80%) as
well. The research question to be addressed with this information was whether color
variation decreases in proportion to the amount ofGCR used to produce the separation.
2) An inherent characteristic of an offset newspaper press is that ink film thickness
varies during a pressrun. The magnitude of this variation is also an inherent characteristic
of an individual press. Ink film thickness is commonly measured in terms of solid ink
density (SID). A SID variation of .05 is minimal and would usually not warrant action by
the press crew but a variation of .20 would be considered extreme. To test the hypothesis a
variation of .20 was used. However, data was also collected and analyzed at SID variations
of .10 and .15. The research question to be addressed with this information was whether
the magnitude of ink film thickness variation from the nominal is proportional to the degree
of color variation realized for both GCR separations and conventional separations.
In Chapter three, the results of a study were reported where it was determined that
only a certain magnitude of color variation, namely six AE units, was considered to be
unacceptable to a human observer. AE units were calculated to determine color variation in
this study and this value may provide some insight into the relevance of the data collected.
It will be informative to determine if SBD fluctuations within a range of +/- 0.10 to 0.20
cause enough color variation to be considered significant, ie., greater than 6 AE units. It
must be remembered, however, that this magnitude of color variation is commonly
considered unacceptable in the commercial segment of the printing industry and may not be
relevant to newspaper printing. This will be discussed in depth in the following chapters.
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Limitations
The most common limitations in a study that includes a pressrun are the result of the
randomness of the pressrun itself. After makeready, changes occur in several areas, four of
which are listed below.
1) Randomness of the substrate. Newsprint in general is very poor paper and it varies
widely in moisture content, smoothness, grain consistency, color and thickness. The
relative humidity of the pressroom and the areas in which the paper is stored also have
some affect mainly over moisture content.
2) Ink viscosity changes during a pressrun. It is normally the result of heat generated from
friction due to the rotary movement of press components. However, ink absorbs water
during the run, decreasing its viscosity. Usually the type of dampening system and the
attention paid to it by the press crew determines to what extentwater changes ink viscosity.
3) Water absorbed by ink also affects the ink's trapping characteristics. An increase in
water absorption decreases ink tack while a decrease in water absorption increases ink tack.
Therefore, ink tack varies during a pressrun as dampening varies.
4) Registration varies frequently during a newspaper run. A certain amount of randomness
is inherent in each individual press. The effect can be magnified or reduced, depending on
the attention paid to this variable by the press crew. Only press sheets with color-to-color
misregistration less than one half of a row of dots were considered for data analysis. It
should be noted that since all test images were on the same form they were subject to the
same misregistration. Still, it is unlikely that all sheets selected from the run were in perfect
register.
A calibrated densitometer was used to measure solid ink density. Although the
instrument is quite accurate, some variation may have occurred as a result of operator error.
A scanning spectrophotometer was used to measure color variation. Operator or device
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errors may have occurred using this instrument as well. However, efforts to minimize these
types of errors were employed. These will be discussed in detail in Chapter five.
In this study, ink film thickness was varied in increments above and below the
nominal values determined for the press. The press sheets chosen for data analysis were
measured with a densitometer to determine which sheets met the target densities that were
sought. It could not be known to what extent the change in color resulted from a change in
ink laydown, changes in dot gain or changes in trapping characteristics. As was stated in
Chapter two, these three mechanisms all play a role when measuring changes in solid ink
density. However, since the press crew could only measure solid ink density to determine
the degree of change in ink laydown, no attempts were made as to determining the effect of
each mechanism.
The separations used in this test were scanned at five levels ofGCR. Color
scanning systems vary widely in their application of an algorithm to perform GCR. An
investigation ofwhether or not the separations produced at each increment ofGCR
corresponded exactly to the percentages that were chosen was not performed, since it is
unlikely that a separation made using 20% GCR on one scanner would yield exactly the
same black negative as 20% GCR selected on another scanner.
Delimitations
A large number of newspapers today are generating color separations using lower
end scanning systems, the often called "desk
top" The separations for this study were
made on a high end drum scanner only. Since the algorithms used to perform GCR differ
greatly, testing of separations made using desk top systems would provide much
information. However, GCR first appeared as an option on high end drum scanners and
the algorithms used on such color systems are traditionally more precise and accurate.
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Furthermore, this study compared conventional and GCR separations. It was not a
comparison between algorithms used by individual manufacturers of color systems.
Solid ink densities were varied above and below set nominal values for each color
individually. The resultant AE values were grouped in sets. It may have been informative to
vary different combinations of colors all at once, both above and below the nominal value
or all above and all below and then compare AE values, since more than one colormay vary
at one time on press. However, this would have resulted in much less control over the
experiment. Moreover, it would have been nearly impossible to know the effect of each
color change in SID on color variation ifmore than one color was varied at one time. The
rationale for choosing to group the AE data values obtained after only varying one color
will be explained in Chapter Six.
Only one press with one ink set and one paper type were used to perform the testing
of this study. It would have been beneficial to compare the results of printing GCR
separations and conventional separations on different offset presses, especially using
different ink sets and different types of paper. However, because of the efforts made in
controlling this study, it is likely that the results found here would only be suppressed or
magnified using a different testing environment.
A spectrophotometer was used to measure the color variation that occurs for both
conventional and GCR separations when both were subject to changes in the independent
variable, ink film thickness. No panel of human observers were used to make subjective
evaluations of color variation. Since a colorimeter or spectrophotometer are commonly used
to quantify the magnitude of color variation, and as was stated in Chapter three, studies
have correlated the amount of color variation measured with what is noticeable and even
acceptable to the average human observer, no human judgements were necessary to give
the results validity. Still, there are benefits to recording the results of human observations
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when performing a study such as this. After all, the primary objective of optimizing color
reproductions is to make them more appealing to those who view them in the end.
Chapter 5
Methodology
This study compared the amount of color variation that occurred in a process color
image for a conventional separation and GCR separations when the image was subject to
changes in ink film thickness during a newspaper press run. Six separations were included:
five at different levels ofGCR (20%, 40%, 60%, 80% and 100%) and the conventional
separation.
Test Form Elements
The test form used in this experiment consisted of the following elements:
Registration scales - allowed for verification of the amount of misregistration on each
press sheet. A press sheet would not be chosen for analysis ifmisregistration was off by
more than one half of a row of dots. These scales were actually positioned on the adjacent
broadsheet page on the same plate as the test form. They were used to determine critical
registration for a different experiment that was conducted during the same pressrun as
this experiment.
CMYK color patches a series of colored patches across the entire image area of the test
form. The colored patches allowed for verification of nominal and fluctuation values of
solid ink densities for each of the four colors.
Test Image - a photograph consisting of several objects of different colors and the test
target consisting of colored patches. The image was shot in a studio at RYY. The objects
in the photograph allow for subjective analysis but were not used to collect colorimetric
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data. These "other" objects were included mainly to facilitate the detection of color
variation in the entire test image when ink film thickness was varied on press.
Test Target - Included in the test image was aMacbeth Colorchecker chart. This target is
an industry standard and is commonly used by printers to assess the accuracy of a
printing process to reproduce specific colors. In the twenty-four color patches thatmake
up the chart, four are neutral grays of different lightness/darkness and four are the solid
patches of the process colors. The other sixteen patches represent colors that are
commonly found in printed images, the four process colors, as well as difficult to
reproduce colors such as brown and green. By photographing the test target and then
scanning the transparency, rather than scanning the chart directly, the saturated colors on
the chart were no longer saturated after the transparency was scanned on the drum
scanner. A component of the color of each patch was found in all four of the printers
generated. In other words, each color patch was reproduced with some portion of each of
the three process colors. Thus, each patch on the Macbeth color checker was reproduced
on the press sheet with some portion of each of the three process color inks.
It was critical to this test that the patches contained at least some portion of the three
colored inks as well as black. This is because the drum scanner, by definition, would not
perform the gray component replacement algorithm on a color unless it was unsaturated;
ie., some portion of the three process color inks must be present. This makes sense in
light of the definition of gray component replacement stated earlier in Chapter two. The
GCR algorithm removes the least predominant color, replaces it with black, and reduces
the remaining two process colors by an equal amount. The gray component of a color
cannot be replaced with black unless the color has a gray component. All three of the
process colored inks must be present for a gray component to be present. By
photographing the Macbeth Color Checker, the light in the room and/or the flash from the
camera ensured that all of the colored patches were no longer saturated. The negatives
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produced on the drum scanner verified this. Figure 14 shows the orientation of the test
image used.
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Color Separations
The test image was scanned on a Hell 399ER dot generating drum scanner in the
Color Separation Laboratory at RIT. The magnification during scanning was 100%. The
size of the color patches on the Colorchecker in the test image was large enough to ensure
that the aperature of the spectrophotometer would fit completely within the smallest of the
twenty-four test patches. The scanner tone curves for each process color were provided by
the research facility of the Newspaper Association ofAmerica (NAA) in Reston, VA.
These curves were established to allow for accurate reproduction of images, ensuring good
tone compression, as well as gray balance for the ink set and newsprint that were used
during the pressrun. The screen ruling for all of the separations was 85 lpi.
The Hell 399ER allowed for linear increments ofGCR to be used. The
potentiometer adjustment available to the operator was divided into ten percent increments,
the lowest being no GCR, corresponding to a conventional separation, and the highest
corresponding to 100% GCR. The image was scanned six times. The first scan was
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generated conventionally, ie., no GCR was used. The second through sixth were generated
using 20%, 40%, 60%, 80% and 100% GCR respectively. Therefore, only six of the ten
increments on the potentiometer dial were used. It was impossible to determine if the four
intermediate GCR percentages (20%, 40%, 60%, and 80%) corresponded exactly to the
amount requested by the operator. Such a verification was unnecessary for this study. The
purpose of the intermediate percentages was to gather information relating to how increases
in the amount ofGCR used when generating a separation would affect the magnitude of
color variation when solid ink density was varied on press. This was one of the research
questions stated in Chapter four. By examining the negatives of all six of the separations, it
was easily determined that increasing the percentage ofGCR on the potentiometer in 20%
increments increased the amount of information carried by the black printer from one
separation to the next. In other words, as the amount ofGCR was increased with each
scan, the amount of information carried by the black printer increased as well.
Color Proofing
Each of the six images was proofed to check for color variation. No instruments
were used to determine the magnitude of variation from one image to the next. The criteria
that was used to determine if the images were significantly different was evaluated by the
human eye only. It was not possible to determine a variation in color from image to image
by viewing them side by side under standard 5000K lighting. Therefore, the separations
were adequate for use in the experiment. However, if a noticeable difference was detected
between two or more proofs, the test image would have been rescanned utilizing the color
correction capabilities of the drum scanner such that a difference could not be easily
detected by the human eye. Several iterations may have been necessary to obtain matching
proofs. The rationale for this criteria is based on the well accepted tolerance bands for color
variation between samples commonly measured in terms of AE. For AE values that are
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between 0 and 2 there is no real color difference as determined by the human eye. A "just
noticeable"difference is attributed to AE values between 2 and 4. Between 4 and 6 AE units
the color variation is definitely noticeable. For AE values greater than 6 the color variation
is considered substantial and may be a limiting factor of acceptability for some printed
products where color matching is important. Since no color difference was detected, it is
likely that the AE values between the six separations were no greater than 2 or 3 units. To
ensure that the color variation between separations was not noticeable (ie., not significant)
several individuals associated with the Color Separation Lab at RIT were consulted. The
consensus among the group was that the difference in color between the separations was
negligible if any did in fact exist. Table 1 lists the commonly accepted tolerance bands
associated with AE color variation readings.
Table 1. Commonly accepted AE color variation tolerance bands.
AE Magnitude Perception Interpretation
<2 No difference ExcellentMatch
2-4 Just Noticeable Good Match
4-6 Definitely Noticeable FairMatch
>6 Difference is Great PoorMatch*
* May be an inadequate color match in some printing situations.
It should be noted here that the relative difference in color between the conventional
separation and the five GCR separations was not important to this study. Since it is the
magnitude of color variation of the image running under nominal SID conditions versus the
same image running under altered SED conditions that is of concern, the difference between
the six images would most likely not alter the test results to a measurable degree.
Fortunately, this issue did not need to be addressed since all of the six images matched
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extremely well after only the first scan. This is a strong argument for the accuracy of the
scanner. If the algorithms that are used by a high end scanner to produce GCR separations
do not produce essentially the same colors for both GCR and conventional separations, it is
likely that printers would avoid using GCR altogether. The separations generated for this
experiment demonstrated that at least the Hell 399ER drum scanner provides results that
match the definition ofGCR quite well.
Image Assembly and Plate Making
The six test images containing dieMacbeth Colorchecker test target were manually
stripped onto four pieces of polyester. A piece of mylar was punched at the NAA
research facility in Reston, VA and delivered to RIT. It was confirmed that the film punch
in the Newspaper Lab at RIT matched the pin configuration of the Goss Urbanite press on
which die pressrun would be performed. For this reason the four pieces of polyester were
prepunched at RIT prior to image assembly.
The black separations were placed on the form in two columns of three separations.
The first column contained the conventional separation, the 40%, and the 80% GCR
separations. The second column contained the 20%, 60%, and 100% GCR separations.
For each of the six separations, the cyan, magenta, and yellow negatives were registered to
the black negative. A mask was made for each color to cover the non image area of the test
form. Several windows of about 1/2 inch were cut into each mask providing a series of
solid color patches across the entire image area. The four flats were used to expose four
subtractive negative offset printing plates at the NAA. The configuration of the test form is
shown in Figure 15.
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Press Run and Sample Groups
The press run took place on a Goss Urbanite single width, semi-cylindrical
newspaper press using Hint Ad-Litho newspaper inks and Abitibi Price newsprint that was
donated by the NAA for this test. The Urbanite press allowed for two complete double
width plates to be placed around the cylinder. Since this experiment only needed a form
equal in size to a newspaper broadsheet page, a plate was hung on the other side of each
plate cylinder that consisted of large "take-off bars." These bars were large solid patches
across the direction of the web which allowed the press to stabilize more quickly to
changes in inking.
The press crew was instructed to perform its normal makeready routine for a color
newspaper pressrun. The press speed was decreased to approximately 7,000 imp/hr. The
first objective was to establish the nominal solid ink densities across the entire test form.
The methodology used for establishing the actual SED nominals used for this experiment is
described later in this chapter. An X-Rite 418 reflection densitometer was used to measure
SID values across the test form. When the SID readings were near the nominal values for
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each of the four inks, fifty to one hundred press sheets were collected from the delivery
stream. This group of press sheets was labeled the O.K. group.
On the yellow press unit the amount of ink supplied to the ink train was increased
slowly to a solid ink density of +0.20 above the nominal value for yellow while the other
three press units were kept at constant nominal inking. Obviously, with offset, this is done
by adjusting ink keys. Changing the ink film thickness directly affects solid ink density
readings. At an SID value of Y +0.10 fifty to one hundred press sheets were collected from
the stream. This group was labeled the Y +0.10 group. At an SID of +0.15 an equal
number of press sheets were collected from the stream. This group was labeled the Y
+0.15 group. Finally, at an SID of +0.20, once again, fifty to one hundred sheets were
collected from the stream and this group was labeled the Y+0.20 group. The ink feed to the
yellow ink train was then decreased to allow the yellow SED value to return to the nominal
value. Slowly, it was further decreased below the nominal value to an SED of -0.20 while
the other three press units were kept at nominal inking. A group of press sheets was
collected from the delivery stream at an SED of -0.10 and labeled the Y -0.10 group, at an
SID of -0. 15 and labeled the Y -0. 15 group and at an SED of -0.20 and labeled the Y -0.20
group. The ink feed was then increased until the yellow SED returned to near the nominal
SED value. This marked the completion of the yellow ink fluctuation. One at a time, the ink
feeds of the other three process colors were varied in the same manner while the SEDs of
the remaining three inks were held constant. At the same SED fluctuations as yellow, the six
groups of press sheets were collected from the stream. At the end of each ink variation
process (both above and below the nominal), the SID for that color was returned to near the
nominal SED value. The end result, after all four process color inks were varied, was
twenty-five groups of press sheets; one with all solid ink densities near the nominal values
and six for each of the four colors, three above the nominal and three below the nominal.
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At this point, the pressrun portion of the experiment was completed. The table below
summarizes the groups of sample press sheets collected at this point of the experiment
Table 2. Sample groups of press sheets collected from the delivery stream.
Each group consists of 50 to 100 sheets, one color varied by a specific amount
while the other three colors held near the nominal SED value. O.K. group
represents press sheets with SED near the nominal values for all colors.
Single Ink Variation
+ 0.20 + 0.15 + 0.10 -0.10 -0.15 -0.20
Y +0.20 Y+0.15 Y+0.10 Y-0.10 Y-0.15 Y -0.20
M+0.20 M+0.15 M+0.10 M-0.10 M-0.15 M -0.20
C +0.20 C +0.15 C +0.10 C-0.10 C-0.15 C -0.20
K +0.20 K +0.15 K +0.10 K-0.10 K-0.15 K -0.20
O.K. (= no variation)
Nominal Solid Ink Density Values
The objective of this experiment was to determine if there was a significant
difference between a conventional separation and a GCR separation in terms of color
variation when ink film thickness was varied on press. In order to compare the effects of
changes in solid ink density, it was necessary to establish a mean or nominal solid ink
density value for all four colors. From these four nominal values the amount of fluctuation,
or deviation, could be easily measured with a reflection densitometer.
It was reported by the NAA that target nominal solid ink density readings on a press
sheet during a pressrun for the Goss Urbanite press used in this experiment should be
between 0.90 and 0.95 for cyan, magenta, and yellow and between 1.00 and 1.05 for
black. Since solid ink density varies on an offset press during a pressrun (usually more so
on a newspaper press), the NAA reported a tolerance band of +/-0.05 or +/-0.07 was
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perfectly acceptable for good color reproduction results. A tolerance band of no more than
+/-0.05 about the nominal SID value for each color was allowed for a press sheet to be
included as a sample for data analysis in this experiment
Each of the four colors was varied above and below the nominal SED value one
color at a time. While one color was allowed to vary the other three colors needed to be
held as close to their SED nominal value as possible. For example, as yellow was increased
above the nominal value by 0.20 for a SED value of 1.10, the other three colors could only
deviate by +/- 0.05. If any color deviated by more than this value, it could not be used for
data analysis. The reason for this is that the color variation to be measured was supposed to
be attributed only to the change in inking of one color on press at a time. If the other three
colors were allowed to deviated by an appreciable amount as well, the resultant color
variation of the test image could be caused by the variation ofmore than one of the four
process colors. This would eliminate much control over the experiment and would limit the
methods used to statistically analyze die data.
The nominal SED values recommended by the NAA were not used in this
experiment. The reason for this was that no combination of sample press sheets collected
could meet such stringent criteria. After examining all of the SED readings on the press
sheets available to be included, no complete set could be assembled where each of the four
process colored inks matched the SED variation criteria while the other three inks stayed
within the SED nominal tolerance band suggested by the NAA. After examining all of the
data, it was determined that other nominal SID tolerance bands had to be established. The
following nominal values were used: 0.81 for yellow, 0.92 for magenta, 0.91 for cyan,
and 1.00 for black. The same tolerance band of +/-0.05 for each color was used. Thus the
acceptable SED tolerance bands used for the four inks, based on the nominal values are
listed in Table 3.
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Table 3. Nominal SED tolerance bands for process color inks while one
ink was allowed to vary above and below the nominal value.
Color Nominal Tolerance
Yellow
.81 .76 to .86
Magenta .92 .87 to .97
Cyan
.91 .86 to .96
Black 1.00 .95 to 1.05
Since ink film thickness variation is a characteristic of offset presses and is greatest
on newspaper presses, it was not surprising that it was impossible to maintain actual SID
variations within a tighter tolerance band than +/-0.05. In fact the variations throughout the
pressrun were quite extreme. Significant variations occurred even within the twenty-five
press sheet sample groups. However, by only selecting press sheets that matched this
criteria could the experiment simulate the effects of one color varying while the others
remained relatively constant. By varying only one color at a time it was hoped that this
experiment would closely match what actually occurs on an offset web press, since in
reality, colors vary in inking independendy. This is simply due to the fact that each color
unit of a press has its own ink train and ink keys and the press units are separate from one
another.
The slight variation within the tolerance band of the non-varied colors should not
have had an appreciable affect on the color variation of the test image for several reasons.
First, the amount of color variation due to a small SED fluctuation of one ink about the
nominal would likely be negligible when compared to the amount of color variation due to a
large change in SID for another color (+/- 0.20 as with this experiment). Additionally, the
inking across the web, specifically above the test target (on the right hand side of each test
image) was relatively consistent. Furthermore, the number of individual data samples in the
populations to be compared was quite large. Therefore, the effects of deviations from the
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nominal SDD's that were supposed to be held fairly constantwould be minimized due to the
averaging of a large number of data values. Finally, it did not mattermuch to this
experiment that the nominal values varied somewhat. It is the deviation from the nominal
values that was the independent variable. As long as the variation from some constant solid
ink density value was approximately the same for two samples being compared, the actual
numerical value of the constant SID did not matter.
Sample Press Sheet Selection
Only one press sheet from each of the twenty five groups was selected for analysis.
The press sheets chosen had to meet the density requirements presented above.
Specifically, the solid ink density values read across the test image for all four inks needed
to fall within the tolerance bands ofTable 5.3. The exception would be the SED value for
the color that was purposely altered, but that SED value had to be close to the deviation
value for the group. For example, in the Y +0.20 group, a press sheet would be selected
for analysis only if the cyan, magenta, and black SID values read above the two test image
columns fell within the tolerance bands and the SDD for yellow was close to 0.20 above the
nominal value for yellow. Similarly, for the C -0.15 group, a press sheet would be chosen
only if all SED readings above the two test image columns for yellow, black andmagenta
fell within the tolerance bands ofTable 5.3 and the SDD for cyan was close to 0.15 below
the nominal value for cyan. An X-Rite 418 densitometer was used to select the twenty-five
press sheets using this criteria.
It should be noted that in some cases a press sheet could not be found in a group
that met the criteria because the SED readings from one side of the form varied considerably
from the other side of the form. Unfortunately, the two columns of test images were
situated at an appreciable distance from each other. Therefore, the amount of inking one
column of test images received was independent of the amount the other column received.
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Although the press crew paid close attention to ink feed consistency across the web,
variations occurred in which a large number of press sheets in each group were unusable.
For this reason, it was necessary to select more than one press sheet from a group, so that
the SED criteria would be matched for the first column of test images on one sheet and for
the second column on the second sheet. Five groups were affected this way. They were the
cyan +/- 10, +/- 20 and + 15 groups. The inclusion ofmore than one press sheet from
these groups was not desirable but was necessary as a result of the design of the test form.
It would have considerably helped matters if all six of the test images were directly in line
with each other along die length of the form. In this configuration it is more likely that the
images would be subjected to very similar inking on the same press sheet since the test
images were rather small. Ink starvation would probably not be an issue, especially since
the take off bars on the other side of each plate cylinder were significantly large.
In selecting press sheets from the sample groups another problem ocurred. The
color patches across the test form were repeated in a series. That is, a yellow patch was
followed by a magenta patch which was followed by a cyan patch which was followed by a
black patch. After the black patch the yellow patch was repeated as was the series of four
patches. This means that solid patches for each color were repeated every one and one-half
inches across the entire test form. Furthermore, in some groups the SED reading from one
color patch was quite different than the SED reading of the next closest patch of the same
color. When this difference was extreme, the press sheet was excluded but in some groups
the variation could not be eliminated. Therefore, interpolation of the SED readings was
required on some press sheets chosen for analysis. This problem could have been avoided
during the image assembly stage of the experiment by adding color bars of each of the four
process colors across the entire test form. When the test form was designed, however, it
was believed that the oscillating rollers in the ink trains on press would
"even-out"
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differences in ink key settings over the total distance between patches of the same color,
which was one and one-half inches.
Colorimetric Measurements of Sample Sheets
Colorimetric measurements were made of each of the press sheets selected from the
sample groups using a HunterLAB PICCS 4800 4570 spectrophotometerwith the D50, 2
observer. This device offered the ability to measure L*a*b* data from two samples and
calculate the magnitude of the distance between the two samples in three dimensional space.
As was stated in Chapter two, this quantity is actually the magnitude of the color difference
between the samples, the AE value.
To determine die AE values between the O.K. press sheet and all of the other press
sheets that were chosen for analysis, the O.K. sheet was positioned on the scanning bed
and aligned along a rule line inscribed in a plastic measuring rule on the side of the sheet.
The rule was positioned so that the images in the left column were placed against die tine
along its entire length. A vacuum on the scanning bed held the press sheet in place. By
positioning the press sheet in this manner, it was possible to replace the press sheet with
the next sheet on the scanning bed in precisely the same position. With die O.K. press
sheet on the scanning bed the HunterLAB was programmed to read all of the color patches
of the test target in each test image on the press sheet (144 color patches in total). The
smallest aperature available,
0.25" in diameter, was used. A joystick was used to establish
the position of each color patch to be read. This positioning data was stored in the computer
so that the spectrophotometer would read data from the same locations on the other press
sheets on successive scans. The HunterLAB read the colored patches and stored the L*, a*
and b* value for each patch. The O.K. sheet was than replaced with a press sheet from one
of the sample groups. The same color patches were read and the computer displayed the AE
reading between each patch on the O.K. sheet and the same patch from a data sheet from
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one of the sample groups. Enough time was allowed between patch readings to record
manually the AE value that was displayed on the monitor. This process was repeated for
each press sheet chosen for analysis from all twenty four groups. 3,456 readings were
recorded (twenty-four readings/test target * six separations/color variation * six color
variations * four process colors ). The data values are tabulated in Appendix A.
After each press sheet was scanned, the HunterLAB was recalibrated using its own
calibration routine. A standard was located in the comer of the scanning bed. To determine
if the spectrophotometer had adequate precision for this experiment the O.K. sheet was
read once again after all of the press sheets from the sample groups had been scanned. In
theory, the color variation calculated between a color patch and itself should be 0.00 AE. It
was found that the mean AE calculated for all 144 color patches on the O.K. sheet was 0.71
AE units which is in the excellent match range ofTable 1. It appeared that the HunterLAB
was very accurate in measuring AE values with insignificant error, especially since die
substrate was newsprint. The actual readings recorded from this scan are shown in Table 4.
AE Groupings
The AE values to be compared statistically between the O.K. sheet and the data
sheets subject to variations in inking were grouped in two ways: according to the degree of
ink variation and according to the amount of GCR used to produce each separation. The ink
variation occurred on press one color at a time and at six different levels, as was stated
earlier in this chapter. The six ink variations were -0.20, -0.15, -0.10, +0.10, +0.15 and
+0.20. From these six variations, three ink fluctuation
"bands"
were created by combining
two groups of the same variation magnitude, these being +0.10 and -0. 10 to form +/-0.10,
+0.15 and -0.15 to form +/-0.15, and +0.20 and -0.20 to form +/-0.20. In other words,
the AE values calculated between the O.K. sheet and the two data sheets where the
magnitude of SED variation was the same, both above and below the nominal, were
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Table 4. Spectrophotometric accuracy/reliability test - AE values and means
Patch No.
1
Conv.
1.73
20% GCR
1.23
40% GCR
0.26
60% GCR
1.15
80% GCR
0.82
100% GCR
0.82
2 0.84 0.58 0.58 0.84 0.26 0.18
3 1.37 0.58 0.43 1.83 1.29 1.27
4 0.72 0.22 0.27 0.85 0.49 0.25
5 1.21 0.72 0.50 0.99 1.20 0.26
6 0.90 0.23 0.87 0.88 0.80 0.74
7 1.30 0.77 0.71 0.72 0.93 0.45
8 1.51 0.48 0.71 1.37 0.85 0.37
9 1.06 0.82 0.55 0.70 0.46 0.23
10 1.17 0.43 0.87 0.61 0.43 0.68
11 1.68 0.77 0.74 0.83 0.56 0.23
12 1.17 0.66 0.54 0.93 0.19 0.28
13 0.67 0.42 0.66 0.72 0.30 0.29
14 2.13 0.19 1.36 0.96 0.31 0.73
15 1.05 0.38 1.01 0.33 0.26 0.65
16 0.93 0.36 1.02 0.19 0.28 0.47
17 0.49 0.44 0.62 0.88 0.05 0.22
18 1.45 0.47 1.13 0.73 0.28 0.45
19 1.44 0.46 1.25 0.59 0.37 0.60
20 0.84 0.54 1.30 0.60 0.19 0.69
21 0.54 0.52 0.43 0.50 0.28 0.11
22 0.71 0.44 1.13 0.44 0.29 0.41
23 1.70 0.87 1.05 1.42 0.34 0.55
24
Mean
0.86
1.14
0.59
0.55
1.32
0.80
0.73
0.82
0.26
0.48
0.56
Total
0.48 =0.71
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grouped together. The reason for grouping the data in this manner was to attempt to
simulate the variation that often occurs on an offset newspaper press. During a pressrun,
SDD varies both above and below the nominal value for a particular color with certain
bands, even without any action from the press crew. This variation is a natural
characteristic of an individual press. On some presses, especially more modem ones or
those that are well maintained, this natural variation in inking is rather small. On older or
poorlymaintained presses it can be quite considerable. A variation of 0.10 above or below
the nominal SDD value may be cause for concern on a newer press but may be considered
natural on an older press. Regardless, a variation of 0.20 would be considered extreme on
either a new or old press. With such a large fluctuation in SED values about the nominal,
poor reproduction of colored images would be assured and consistency would be a major
problem. By grouping the data in this manner, it was hoped that some observations could
bemade concerning the degree to which GCR separations could reduce color variation
when SDD variation of an offset press was moderate (as with a 0.10 fluctuation), as well as
severe (as with a 0.20 fluctuation).
The grouping of data was taken one step further. Even though SDD variation was
induced on press one color at a time, the AE values calculated for each of the four colors
with SED variations of like magnitudes were grouped together. This means that the AE
values calculated for each fluctuation band for each of the four colors were grouped
together. Once again, this was done to simulate what actually occurs on an offset
newspaper press. Color units vary in solid ink density independendy of each other for the
most part due to the independence of ink trains from unit to unit. Trapping characteristics of
one colormay affect the next color(s) in the press. Generally speaking, however, variations
in SED from color to color are independent from each other and grouping the data in this
manner was an attempt to provide a simulation of this independence of SED fluctuation. If a
claim is to be made that GCR separations may result in less color variation on press as SID
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fluctuates, it should be independent of an individual process color variation and all four
process colors should be treated equally.
The AE values for each of the GCR separations were compared to the AE values for
the conventional separations for each of the three fluctuation bands. It should be
remembered that the intent of this experiment was to accept or refute the hypothesis (stated
in Chapter four) based on the data accumulated for the conventional separations and the
100%, or full GCR separation when SDD was allowed to fluctuate at the bounds of the
maximum value, which is +/-0.20. The other data comparisons were intended to provide
information pertaining to the research questions stated in Chapter four. Table 5 summarizes
the groups ofAE values compared in this study.
Table 5. Comparisonsmade between AE data groups.
Line in bold represents the comparison to support or refute hypothesis.
Conventional separation to be compared to GCR separations of% shown.
SDD Fluctuation Band GCR Separation
+0.10 and -0.10 20%
+0.10 and -0.10 40%
+0.10 and -0.10 60%
+0.10 and -0.10 80%
+0.10 and -0.10 100%
+0.15 and -0.15 20%
+0.15 and -0.15 40%
+0.15 and -0.15 60%
+0.15 and -0.15 80%
+0.15 and -0.15 100%
+0.20 and -0.20 20%
+0.20 and -0.20 40%
Inks Included
Y, M, C, and K
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Table 5 (Continued).
SED Fluctuation Band GCR Separation Inks Included
+0.20 and -0.20 60%
+0.20 and -0.20 80%
+0.20 and -0.20 100%
Statistical Analysis of Data
In Chapter Four, the hypothesis was stated that less color variation would take
place in a process color reproduction when GCR was used compared with the same
process color reproduction when no GCR was used (ie., conventional separation) when
SDD was varied during the pressrun. This statement could not be supported simply by
realizing a greater AE mean value for the conventional separation than the GCR separation.
Although the hypothesis could not be supported if the AE mean value was found to be
larger for the GCR separation compared with the conventional separation, it is necessary to
determine if the difference between AE mean value is statistically significant. To support the
hypothesis, two criteria are needed:
1. The AE mean value must be greater for the conventional separation (meaning more
overall color variation) than the GCR separation.
2. The magnitude of the difference between the two AE mean values must be statistically
significant
A statistical test called the z-Test was used to determine if the magnitude between
two AE means being compared was significant. This test is based on the premise that if the
null hypothesis is true then the test statistic z will have a standard normal distribution. It is
necessary here to return to the hypothesis stated in Chapter four.
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Hypothesis
As ink film thickness varies above and below a nominal value on an offset
newspaper press printing process color, less color variation will occur in a
reproduction for which a gray component replacement separation was used
compared with the same reproduction for which a conventional separation was
used.
Stated symbolically, this translates to the following:
Hi: ui - U2 > 0 where ui = mean AE value for conventional separation
U2 = mean AE value for GCR separation
The null hypothesis, denoted by Ho can be stated symbolically as follows:
Ho: ui U2 = 0 or ui = U2
The null hypothesis states that there is no statistically significant difference between the two
means. It is the null hypothesis that is worked with when computing z-Scores for the z-
Test. If the z-Score analysis supports the null hypothesis, meaning no difference, then the
alternate hypothesis, H\^ is rejected. If the z-Score analysis does not support the null
hypothesis then the alternate hypothesis is accepted.
There are two types of errors that can be made when attempting to support or refute
a hypothesis based on a statistical comparison of means. These are called type 1 and type 2
errors. A type 1 error occurs when the null hypothesis is rejected when it should have been
accepted. Therefore, the alternate hypothesis would be accepted when it should have been
rejected. A type 2 error occurs when the null hypothesis is accepted when it should have
been rejected. In this case the alternate hypothesis would be rejected when it should have
been accepted. When the possibility of a type 1 error is reduced the possibility of a type 2
error is increased. Likewise, when the chance of a type 2 error is decreased the chance of
making a type 1 error is increased. In summary, as the chance ofmaking one type of error
is increased, the chances ofmaking the other type of error is
decreased.2
The alpha level of the statistical tests used in this experiment was 0.05 or 5%. This
means that there are five chances in one-hundred that the null hypothesis was rejected when
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it should have been accepted. The possibility ofmaking this type of error could have been
reduced by using an alpha level of .01 or 1%. In such a case, there would be only one
chance in one-hundred that a type one error was made. Of course, this would increase the
chance that a type 2 error was made. An alpha level of 1% was not used, however, because
it would have precluded that the results of the test were more accurate than they probably
were. An alpha level of 5% was thus used in all cases.
A two-tailed test of significance was used in evaluating the data. A two-tailed test
allows for the determination ofwhat portion of the normal curve the z-Score was found to
occupy. The resultant z-Score could be either positive or negative. This means that the
results of the test lie in a certain direction and one population is favored over another. This
test was configured such that a negative z-Score favored the conventional separation while
a positive z-Score favored the GCR separation, both in terms of color variation. Stated
another way, if the resulting score was negative, the conventional separation may or may
not have produced less color variation than the GCR separation. If the resulting score was
positive, the GCR separation may or may not have produced less color variation than the
conventional separation. The phrase "may or may not
have" is used here because in order
to determine that the difference in AE mean values was significant, the magnitude must
have matched certain criteria. From knowledge about the normal curve, 2.5% of the area
under the curve falls beyond standard deviations (SDs) of- 1.96 and 2.5% of the area falls
beyond an SD of + 1.96. This means that 5.0% (2.5% + 2.5%) of the area under the curve
is outside the SD band from -1.96 to +1.96. Thus if the z-Score is less than -1.96 or
greater than +1.96 there is a 5% chance that it ended up in those regions randomly. In such
a case the null hypothesis is rejected and the hypothesis is supported. However, there is
still a 5% chance that the conclusion drawn was wrong (a type 1 error). If the alpha level
used for this test had been 0.01, the magnitude to determine significance would have been
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2.58 because 1.0% (0.5% + 0.5%) of the area under the normal curve falls outside of SDs
of -2.58 and +2.58.3
A one-tailed test could have been used to analyze the data as well. This was not
done, however, because it would only have determined if one process, namely the GCR
process, was favored over the conventional separation process. It was the intention from
the onset of this study that the objective of the experiment would be to provideas much
information about the GCR process as possible. Using a one-tailed test would have
eliminated any chance of determining if the hypothesis was completely reversed, ie., if the
results of the experiment supported the statement that the conventional separation
performed better in terms of color variation than the GCR process. The outcome was not
known from the beginning. Therefore, by using a two-tailed test, the ability to determine
whether the GCR separations were better or worse than the conventional separation was
possible. A one-tailed test would have either supported the claim that less color variation
was realized with the GCR process or the two processes were the same, but not that the
conventional separation performed better. Table 6 states the alpha (confidence) level and
the criteria that allowed for support of either the conventional or GCR process.
Table 6. Criteria of z-Test to either support or refute the null hypothesis.
Rejecting the null hypothesis is synonymous with accepting the primary
(alternate) hypothesis. Null hypothesis supports no difference.
Alpha Level z-Score Conclusion Supports
0.05 < -1.96 Reject Null Hypothesis Conventional
0.05 > +1.96 Reject Null Hypothesis GCR
0.05 -1.96<z<1.96 Accept Null Hypothesis Neither
0.01 < -2.58 Reject Null Hypothesis Conventional
0.01 > +2.58 Reject Null Hypothesis GCR
0.01 -2.58< z <2.58 Accept Null Hypothesis Neither
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Calculation of the Z-Score
When comparing the means of two populations to determine whether the difference
between them is significant, three parameters are needed from each population: the mean,
the standard deviation and the number of samples from the population. The mean and
standard deviation for each of the populations compared in this study were calculated and
reported along with the sample groups in Appendix A. In all cases, the number of samples
was 192.
The Z-Statistic is the value of the ratio of the difference between the sample means
(Dx) to the standard error of the difference between the means (SDx). or (Dx)/(Sdx).
(Dx) = ui - u2.
(SDx) = ((sxi)2+(sx2)2)l/2
where sxx = s^N 1)1/2 sx2 = s2/(N2)l/2
si = standard deviation of population 1
s2 = standard deviation of population 2
N= 192
The AE data values were read from the monitor of the HunterLAB and recorded on
formatted data sheets. The data was then manually keyed into a PC using Word
Perfect
5.0 software. The file containing all of the data values was stored as an ASCII text file on
floppy disk. It was transferred onto the Macintosh format using
Apple File Exchange and
tabulated using the
Wings spreadsheet program for the Macintosh. Finally, the formatted
data tables were output. A manual overcheck of the tables output from
Wings was
performed. The data values were read off one at a time by one individual while another
individual overchecked the original formatted data sheets. Any discrepancies were corrected
in theWings spreadsheets.
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All formulas used for statistical inference were manually performed in Wings. An
overcheck for each test was performed in a Lotus spreadsheet as well as manually with
the aid of a portable calculator.
Endnotes for Chapter 5
1Robert Chung, Class Notes from Tone and Color Analysis, Rochester Institute of
Technology, Spring Quarter, 1991.
2N. M. Downie and R. W. Heath, Basic Statistical Methods," 3rd ed., (New York,
Harper and Row, 1970) 168.
3Ibid., 173.
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Chapter 6
Results
Following the methodology discussed in Chapter five, the AE values between die
color patches on the O.K. press sheet and the color fluctuation press sheets were tabulated
and averaged for each group. Once again, after grouping the data for each separation at
each density fluctuation magnitude (both + and -), a total of eighteen mean AE values
resulted (3 density fluctuation bands * 6 separations). Since the test target (the Macbeth
Colorchecker) is comprised of twenty-four color patches, each of the eighteen mean AE
values was calculated from a total of 192 individual data values (24 color patches * 4 colors
* 6 SED fluctuation values). It was the objective of this experiment to compare the mean AE
values from each of the GCR separations to the mean AE value for the conventional
separation. Therefore, a total of fifteen comparisons, three for each GCR separation level,
were performed (ie., for groups +/-0.10, +/-0.15 and +/-0.20) .
The hypothesis presented in Chapter four anticipated that less color variation would
occur for the GCR separations than for die conventional separation when both were
subjected to changes in solid ink density. To test the hypothesis a fluctuation of +/-0.20
was induced with the color variation comparison taking place using the 100% GCR
separation and the conventional separation. The other four separations were included to
provide information to determine if color variation decreases as the amount ofGCR used
increases. The other two SID fluctuations were included to provide information to
determine if GCR reduces color variation at different magnitudes of SED fluctuation. A
z-Test was performed for all of the comparisons to determine if the difference between the
mean AE values was statistically significant. The z-Test results are shown in Table 7.
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Table 7. Results of z-Score tests for SDD fluctuations of +/- 0.10, 0.15, and 0.20.
Criteria for statistical significance is a z-Score magnitude of 1.96 at the 95%
confidence interval. N=192 for all data groups.
* Positive z-Score signifies less color variation for GCR group.
Negative z-Score signifies less color variation for conventional group.
Values in bold signify statistical significance.
SDD Conventional
%GCR Fluctuation Mean Std. Dev.
GCR
Mean Std. Dev. z-Score
100 +/-0.10 3.27 1.81 3.45 1.98 0.93
80 it n 2.82 1.81 2.44
60 tt n 3.93 1.82 -3.56
40 it tt 3.14 1.65 0.74
20 it tt 4.61 1.97 -6.94
100 +/-0.15 3.85 2.08 3.77 2.15 0.37
80 " it 3.26 1.97 2.85
60 tt ti 4.37 2.09 -2.44
40 it it 3.41 1.94 2.14
20 tt
it 5.25 2.24 -6.35
100 +/-0.20 4.85 3.29 4.58 2.73 0.88
80
tt ii 4.01 3.05 2.60
60 "
n 5.33 2.81 1.54
40
it " 4.28 2.90 1.80
20
n 6.12 2.90 -4.01
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Results of z-Test
A two-tailed z-Score test was performed on die data for comparisons between the
GCR separations and the conventional separation. By constructing the test in this way no
claim was made as to the outcome in favor of either the GCR separations or the
conventional separation. If a one-tailed test had been used there would have been only two
possible results; the GCR separation would have been favored because it demonstrated less
color variation or the conventional separation and GCR separation would be found to be the
same in terms of color variation. In other words, the results of the statistical test would
have determined that there was no statistically significant difference between the two
populations (the two populations being compared were the mean AE values for the
conventional and GCR separations). By using a two-tailed statistical test, three outcomes
were possible; the additional outcome being that the conventional separation would be
favored because it demonstrated less color variation than the GCR separations. The
rationale for using a two-tailed z-Test was that it would allow for either process,
conventional orGCR, to fare better than the other. Thus, a negative z-Score would favor
the conventional separation while a positive z-Score would favor the GCR separation.
If the test was valid, that is if the GCR separation and conventional separation
means being compared were from either of two distinctly different populations or the same
populations, then there would be continuity in the resulting z-Scores. The three outcomes
would be as follows:
Data from the same population. z-Scores would be either positive or negative but
no z-Score would be greater in magnitude than 1.96, the critical value for the 95%
confidence interval.
Data from different populations - negative z-Scores less than -1.96. The
conventional separation would be favored, ie., less color variation for the
conventional separation.
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Data from different populations - positive z-Scores greater than 1.96. The GCR
separation would be favored, ie., less color variation for the GCR separation.
The z-Scores reported in Table 7 do not seem to fall into one of the three categories
above. In fact, they seem to fall into all three. This result was not expected. It could have
been conceivable that in some cases the conventional separation would be favored
(z-Score < -1.96) and in some cases not favored (z-Score > -1.96). Likewise, it could have
been possible that the GCR separation would be favored (+1.96 < z-Score) and in some
cases not favored (+1.96 > z-Score). What is not statistically possible is both processes
being favored, as the data in Table 7 suggests. In some cases the z-Scores are not
statistically significant and in some cases they are, but in both directions. The conventional
separation and the GCR separation cannot both be favored in terms of color variation. Ii
each of the two populations were homogeneous, as was presumed, only one of the two
processes (GCR or conventional) could be found to be better statistically than die other.
Clearly, the population pairs that were compared did not come from homogeneous
populations. The problem here seems to have been the result of the test form design. Since
the independent variable manipulated was SDD, or more specifically, ink film thickness, it
was assumed that each separation type was subjected to the same ink fluctuations. This
would have definitely been the case if the separations had all been in-line with each other
along the direction of the web so that the inking on each Macbeth Colorchecker patch was
the same from separation to separation. There were actually two columns of test images as
was shown in Figure 14. Therefore, the two GCR separations that were in-line with the
conventional separation were subject to the same inking while the three GCR separations in
the other column were not. Even though every attempt was made to include press sheets
with nearly the same SDD values across the two columns, the actual differences in SDD
between them resulted in spurious results. In effect, the conventional separation in the first
column and the three GCR separations in the second column were subjected to different ink
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film thicknesses, and thus, different values of the independent variable. For this reason the
results of the z-Test between the conventional separation and the three GCR separations in
the other column could not be considered valid.
The z-Scores ofTable 7 seem to confirm this conclusion. The two separations that
were in-line with the conventional separation, therefore receiving the same ink film
thicknesses, were the 40% GCR and 80% GCR separation. For the six comparisons with
the conventional separation, the z-Scores are consistent. The value is always positive. In
four of the six cases it is statistically significant, meaning the value is greater than the +1.96
needed for the 95% confidence interval. The three separations that did not receive the same
ink film thicknesses were the 20% GCR, 60% GCR, and the 100% GCR separations. For
the fifteen comparisons with the conventional separation seven are negative and two are
positive. In five of the negative cases the value is statistically significant (z < -1.96).
Fortunately, the number of z-Tests performed for this experiment was large (15) so that die
inconsistency in the groups of data that were compared was apparent
The results of the comparisons reported in Table 7 were useful in that they revealed
that comparisons made between separations in different columns on the form could not be
considered valid. Therefore, comparisons could only be made between the conventional
separation and the other two separations in the same column, the 40% and 80% GCR
separations. Unfortunately, the 100% GCR separation was in the other column. It would
have been beneficial to report results from a full, or pure GCR separation compared with
the conventional separation even though it can be safely assumed that the 80% GCR
separation was similar to the 100% GCR separation in the amount of information carried by
the black printer (the ideal black printer). In any case, it is certain that the 80% separation
differed gready in this respect from the conventional separation (a true skeleton printer).
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Additional Data Analysis: t-Test
As was stated above, the z-test demonstrated that only comparisons between the
conventional separation and the 40% GCR and 80% GCR separations could be compared
with valid results. Instead of grouping the data for each separation from more than one
press sheet and then comparing the resulting means statistically, an additional test called a
t-Test, t ratio, or Student's t, was used to analyze the datameans calculated with data from
each press sheet, one press sheet at a time, from the twenty-four groups. In this way, a
large number of comparisons could be made between the three separations that were
definitely subjected to die same inking. The t-Test was used in place of the z-Test because
the number of samples comprising the population was small (N < 30). The critical values
of the t-Test are different than the critical values for the z-Test because the t statistic is not
normally distributed when N is small. The t distribution has the extremes of the tails raised
above the baseline of the normal curve allowing formore cases in the tails. As the number
of samples increases, the curve approaches the normal curve used in the z-Test
The t-Test uses a quantity called degrees of freedom. The number of degrees of
freedom is dependent upon the number of samples in the group. Usually (N - 1) determines
the number of degrees of freedom when N is the same for sample groups being compared.
This value is used in tables of the distribution to determine the critical values for statistical
significance. For example, at the 95% confidence interval, the critical values for statistical
significance are provided for different degrees of freedom, which is dependent upon the
number of samples. In the case of this experiment, there were twenty-four possible patches
on the Macbeth color checker that could have been used to calculate each mean value.
Therefore, the number of degrees of freedom would have been 23. This number was not
used, however, because every statistical reference consulted for this study did not list this
value in the tables of critical t-Test values. It was assumed that these tables are repeated
from reference to reference. Rather than calculate the t-Test critical values for twenty-three
77
degrees of freedom, the closest value reported was used. That number was twenty. In
order to arrive at twenty degrees of freedom, a sample size of twenty-one was needed.
Therefore, three patches had to be eliminated from the group. These were the first,
eighteenth and twenty-first patches. They were chosen for the following reasons:
1. Patch 1. This patch was almost clear. Almost no ink laydown occurred in this
area.
2. Patch 18. This patch was nearly 100% magenta. Little ink laydown of another
color compared to magenta ink was apparent.
3. Patch 21. This patch was a solid black. Although it may have been comprised
of components of the colored inks in addition to black, especially for the
conventional separation, it was essentially a solid and color variation in such areas
are of no real concern when printing process color on newsprint.
The level of statistical significance for the t-Test was 2.086 at the 95% confidence interval
as opposed to 1.96 for the z-Test.
By using a number for degrees of freedom that can be found in almost any
statistical reference, the calculations and results presented in this study can be easily
overchecked and confirmed in the future. The data used in calculating the twenty-four t-
Tests is tabulated and reported in Appendix B.
t-Test Results: 40% GCR Separation
The results of comparing the 40% GCR separation to the conventional separation
using a t-Test with N=21 are reported in Table 8. In only one case of the twenty-four
comparisons was the result statistically significant. This is the Y -0.10 SDD density
fluctuation. This result favors the conventional separation because the value is negative.
However, the value is far above the other twenty-three values in magnitude. This is
particularly surprising because the density fluctuation is at its lowest, 0.10, compared with
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0.15 and 0.20. If the conventional separation did actually yield less color variation than the
GCR separation as ink film thickness changed, it would be magnified at higher density
variations which clearly was not the case. Additionally, only seven of the twenty-four
calculated t-Scores were negative, while seventeen were positive. If the conventional
separation was indeed favored, as the large negative t-Score would indicate, then it would
be expected that more t-Score values would be negative. Furthermore, a similar result
would be expected for the comparisons with Y -0.15 and Y -0.20.
It appears that the results of that t-Test were inconclusive. Some sort of error was
introduced in one of the two sample groups used in calculating the large negative t-Score
for Y - 0. 10. Examining the data used in calculating the mean for the 40% GCR separation,
the AE value for the forth patch seems rather high. An error may have occurred when
recording this value when the press sheet was scanned on the HunterLAB
spectrophotometer. For a larger sample group, such as N = 192, as was the case with the
z-Score calculations, the effect of one spurious data value would be minimized. In other
words, the effects of the data value would have less effect on the both the calculated mean
and the calculated standard deviation. With such a small sample (N = 21) the effects of one
spurious reading far from the mean would be appreciable. Therefore, the results of the
t-Test comparing the 40% GCR separation to the conventional separation should be
discounted. Furthermore, the difference in amount of information carried by the black
printer between the two separations was not great, since the 40% GCR separation more
closely resembled a skeleton black printer than an ideal (GCR) black printer. A much larger
difference, and a clearer result, was anticipated between the 80% GCR separation and the
conventional separation.
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Table 8. t-Test values comparing color variation of conventional separation with
40% GCR separation.
N=21 for all comparisons. Level of statistical significance is 2.086 at 95%
confidence interval.
* Positive t-value signifies less color variation for GCR group.
Negative t-value signifies less color variation for conventional group.
Value in bold signifies statistical significance.
Color Variation Conventional 40% GCR
(Direction & Magnitude) Mean Std. Dev. Mean Std. Dev. t-Score
Y+10 5.72 2.53 4.82 2.64 1.07
Y-10 1.52 0.64 2.18 0.84 -2.72
M+10 0.53 1.45 2.58 1.57 1.94
M-10 2.13 0.95 2.59 1.10 1.38
C+10 2.61 0.77 2.65 0.95 0.14
C-10 4.11 1.32 3.73 1.64 0.79
K+10 3.97 0.89 4.07 0.89 0.35
K-10 3.92 1.21 3.21 1.18 1.83
Y+15 6.51 3.16 5.45 3.23 1.02
Y-15 2.02 1.67 1.79 1.37 0.46
M+15 4.59 1.77 3.85 1.83 1.27
M-15 2.86 1.07 2.87 1.36 0.03
C+15 3.77 0.97 3.58 0.97 0.60
C-15 4.25 1.57 3.67 1.79 1.06
K+15 4.32 1.05 3.88 0.89 1.39
K-15 4.02 1.17 3.33 1.11 1.87
Y+20 9.84 4.50 7.23 4.57 1.77
Y-20 2.38 2.03 1.93 1.49 0.78
M+20 5.66 2.19 4.52 2.23 1.59
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Table 8 (Continued).
Conventional 40% GCR
Mean Std. Dev. Mean Std. Dev. t-Score
4.40 1.58 4.48 2.04 0.14
2.81 0.86 2.80 0.98 0.03
7.04 3.60 6.14 3.82 0.75
4.96 0.94 5.29 0.88 1.12
3.73 1.01 3.38 0.93 1.11
Color Variation
(Direction & Magnitude.)
M-20
C+20
C-20
K+20
K-20
t-Test Results: 80% GCR Separation
The results of the t-Tests comparing the 80% GCR separation to the conventional
separation are shown in Table 9. The results of this test are quite different than the results
of the same test comparing the 40% GCR separation to the conventional separation. In
Table 9 there are six t-Scores with negative values and eighteen t-Scores with positive
values. Nine of the eighteen t-Scores are statistically significant while none of the negative
t-Scores are statistically significant. The results of these comparisons were much closer to
the results that were expected for this experiment based on the hypothesis stated in Chapter
Four.
Since the 80% GCR separation carried nearly as much information in the black
printer as the 100% GCR separation (considerably more than the 40% GCR separation), it
would be safe to assume that the comparisons in Table 9 more accurately represent a
comparison between a GCR and a conventional separation in terms of color variation when
ink film thickness is varied on press. The 40% GCR separation surely carried more
information in the black printer than did the conventional separation. However, in that case
the difference was not nearly as great as for the comparison between the 80% GCR
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Table 9. t-Test values comparing color variation of Conventional separation with
80% GCR separation.
N=21 for all comparisons. Level of statistical significance is 2.086 at 95%
confidence interval.
* Positive t-value signifies less color variation forGCR group.
Negative t-value signifies less color variation for conventional group.
Values in bold signify statistical significance.
Color Variation
(Direction &Magnitude)
Y+10
Y-10
M+10
M-10
C+10
C-10
K+10
K-10
Y+15
Y-15
M+15
M-15
C+15
C-15
K+15
K-15
Y+20
Y-20
M+20
M-20
Conventional
Mean Std. Dev.
80% GCR
Mean Std. Dev. t-Score
5.72 2.53 3.68 3.22 2.17
1.52 0.64 1.08 0.59 2.20
3.53 1.45 2.41 1.48 2.36
2.13 0.95 2.58 1.07 1.37
2.61 0.77 2.00 0.72 2.52
4.11 1.32 3.39 1.59 1.52
3.97 0.89 4.38 0.98 1.35
3.92 1.21 4.02 0.78 0.30
6.51 3.16 4.50 3.60 1.83
2.02 1.67 2.01 1.32 0.02
4.59 1.77 3.31 1.78 2.22
2.86 1.07 2.72 1.35 0.35
3.77 0.97 2.95 0.90 2.70
4.25 1.57 3.53 1.85 1.29
4.32 1.05 4.10 1.04 0.65
4.02 1.17 4.03 0.84 0.03
9.84 4.50 6.04 5.28 2.39
2.38 2.03 2.00 1.46 0.66
5.66 2.19 3.76 2.35 2.58
4.40 1.58 3.73 1.96 1.16
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Table 9 (Continued).
Color Variation
(Direction & Magnitude")
Conventional
Mean Std. Dev.
80% GCR
Mean Std. Dev. t-Score
C+20 2.81 0.86 2.04 0.82 2.83
C-20 7.04 3.60 5.68 3.99 1.10
K+20 4.96 0.94 5.78 1.51 2.01
K-20 3.73 1.01 4.31 0.96 1.81
separation and the conventional separation. Even with a small sample size (N = 21) and
thus a higher criteria for statistical significance (2.086 critical value), the 80% GCR
separation demonstrated more consistency than the conventional separation.
Additional Data Analysis: z-Tests
The number of data samples used in the t-Test comparisons for both the 40% GCR
and 80% GCR separations was rather small (N = 21). The results of the t-Tests comparing
the 80% GCR to the conventional separation seem to support the statement that less color
variation occurred with the GCR separation than with the conventional separation.
However, the argument could be made that t-Tests are less convincing statistically than
z-Tests. Even though the criteria for significance is more stringent for a t-Test than a z-Test
at an equivalent confidence interval, the number of samples is still small. Therefore, the
sample size did not represent the populations under study as well as the z-Test. The two
populations under study are comprised of all conventional and GCR separations used when
printing process color on newsprint by offset. As the number of samples in the compared
groups gets larger, ie., 30 < N, the t distribution approaches the normal distribution. For
30 < N, a z distribution is used instead of the t distribution. For 30 N, the sample
populations more closely approached the populations under study. In other words, as the
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number of samples gets larger, a closer representation of the true populations under study
is realized.
To increase the number of samples in the compared groups, an additional grouping
was made of the data from each of the three separations. Instead of comparing data
collected from a singular press sheet, all press sheets in the sample groups were included.
This is similar to the comparisons made in the initial z-Tests. The difference here is that
data for all three SED fluctuation bands were included. In other words, each data group
was comprised of the +/-0.10, +/-0.15, and +/-0.20 groups. A total of 576 samples were
included in each group (192 samples for each fluctuation group * 3 fluctuation groups).
Therefore, data was included from all twenty-four data sheets originally chosen for data
analysis. Since there were problems in keeping solid ink density values from fluctuating
about the nominal value throughout the pressrun, the twenty-four press sheets simply
represented samples where inking was varied away from the nominal values. The specific
colors that were deviated on a particular press sheet and the amount of ink fluctuation was
of no real concern for this test. What was important was that the AE mean value of each
group represented a large group of sample color patches subjected to a wide range of ink
film thickness variations on press. For this comparison the ink film thickness fluctuations
were considered random, since the number of samples was large.
Table 10 presents the results of the z-Test for the large samples. In both cases the
resulting z-Score was positive, favoring the GCR separation, and larger than the critical
value of 1.96 to determine statistical significance at the 95% confidence interval. The
magnitude of the numbers was also greater than 2.58, which is the critical value for
statistical significance at the 99% confidence interval. This means that there is only a 1%
chance that the z-Score fell within the confidence interval for statistical significance
randomly, or by chance. Furthermore, the z-Score value for the comparison between the
40% GCR separation and the conventional separation was slightly more than half the
84
Score for the comparison between the 80% GCR separation and the conventional
separation.
Table 10. Results of z-Score tests with SDD fluctuations of +/- 0.10, 0.15, and
0.20 grouped together.
Data collected from twenty four press sheets. N = 576 for all
comparisons. Criteria for statistical significance is a z-Scoremagnitude of 1.96 at
the 95% confidence interval.
* Positive z-Score signifies less color variation for GCR group.
Values in bold signify statistical significance.
Conventional GCR
%GCR Mean Std. Dev. Mean Std. Dev. z-Score
40 3.99 2.56 3.61 2.28 2.66
80 " " 3.36 2.39 4.31
Endnotes for Chapter 6
IN. M. Downie and R. W. Heath, Basic Statistical Methods," 3rd ed., (New York,
Harper and Row, 1970) 178-
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Chapter 7
Conclusions
In Chapter Six, it was determined that the intended method of grouping the data
resulted in ambiguous z-Scores. The results of the individual z-Tests on the population
means compared were both positive and negative. This would be perfectly acceptable as
long as all of the values in one direction, either positive or negative, were not statistically
significant. For example, as long as statistical significance was realized in one direction for
at least one of the tests (positive for instance), and statistical significance was not realized in
the other direction (negative) for any of the other tests, then some of the z-Scores could
have been negative and the test would still have been valid. The criteria works both ways.
At least one z-Score could have been statistically significant and negative while some other
z-Scores were positive, as long as those positive scores were not statistically significant.
The results of the z-Scores ofTable 7 did not fall into only one of these two categories.
Statistical significance was found on both sides, specifically, there were both positive and
negative z-Scores with magnitudes greater than 1.96. The results did not make sense either
logically or statistically, for both the conventional separation and the GCR separation could
not have realized less color variation than each other. Therefore, there were only two
possible outcomes: the first, that one was better than the other, or the second, that neither
was better. Simply put, they both could not have been better.
It was determined that the problem with the first z-Tests was that the data groups
were comprised of data collected from separations that were located across from each other
on the test form rather than in-line with each other. Specifically, the 20% GCR, 60% GCR
and 100% GCR separations were located on the right side of the test form, while the
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separation they were compared to, the conventional separation, was on the left side of the
test form. The two sides of the test form did not receive the same ink film thicknesses.
Therefore, the separations that were compared to each other in these cases were not subject
to die same values of the independent variable, which for this study was solid ink density.
Only those separations in die same column as the conventional separation, the 40% GCR
and 80% GCR separations, received the same SDD values because they were in-line with
the conventional separation along the web rather than across it. In this position, the ink film
thickness they received was metered by the exact same ink keys as die conventional
separation.
Table 7 illustrates a conclusion that was important to this study. For all z-Test
comparisons between the conventional separation and the 40% GCR and 80% GCR
separations, the z-Scores were positive. Four of the six scores were statistically significant.
For the z-Test comparisons between the conventional separation and the 20% GCR, 60%
GCR, and 100% GCR separations the z-Sores were both positive and negative.
Consistency was only realized with the results of the comparisons made between the
separations that were positioned in-line with each other parallel to the web direction. After
examining the results ofTable 7 it was concluded that all additional data testing could only
involve the three separations on the left side of the test form, the conventional separation,
the 40% GCR separation and the 80% separation.
Hypothesis Testing
Hypothesis
.
As ink film thickness varies above and below a nominal value on an oltset
newspaper press printing process color, less color variation will occur in a
reproduction for which a gray component replacement separation was used
compared with the same reproduction for which a conventional separation was
used.
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The hypothesis stated above postulates that less color variation should have been
realized for the GCR separation relative to the same separation made conventionally when
ink film thickness was varied on press. In Chapter four, it was stated that the specific data
groups to be compared specifically for testing the hypothesis would be the conventional
separation and the 100% GCR separation at an SDD fluctuation of +/-0.20, the maximum
fluctuation performed in this experiment. This comparison could not be used, however, for
the reasons given earlier. Therefore, additional tests were performed to either accept or
refute the hypothesis. However, in Table 7, all of the z-Test comparisons reported for the
40% GCR and 80% GCR separations were positive and five of the six results were
statistically significant, meaning less color variation was realized for the GCR separations
than the conventional separations. This was the first test supporting the original hypothesis.
t-Tests Results
Two t-Tests were performed on the data press sheet by press sheet. In other words,
twenty-one patches of the Macbeth Colorchecker were grouped together for each of the
three separations: conventional, 40% GCR and 80% GCR. The means of each group were
compared using the same method as the z-Test but with more stringent criteria. The test
was performed for each press sheet. Table 8 and Table 9 illustrate the results of the 40%
GCR separation compared with the conventional separation and the 80% GCR separation
compared with the conventional separation, respectively.
From the results of the t-Tests reported in Table 8, it was concluded that nothing
could be determined from the tests with the 40% GCR separation. For the twenty-four
comparisons only one t-Value was statistically significant. After reviewing the individual
AE values used to calculate the AE means for the Y-0.10 SED fluctuation, one value in the
40% GCR group deviated greatly from the other values. This one value was most likely a
spurious data reading from the spectrophotometer, or the result of an error in recording the
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value on the data sheet No other t-Score in Table 8 approached the magnitude of the high
negative value for the Y-0.10 comparison. Therefore, the results of these t-Tests comparing
the conventional separation to the 40% GCR separation were determined to be inconclusive
as a group.
The results ofTable 9 were altogether differentThis table reported the results of the
t-Tests comparing the 80% GCR separation to the conventional separation. Of the twenty-
four comparisons, eighteen were positive, while nine of those were statistically significant
Furthermore, none of the negative values, those that would favor the conventional
separation, were statistically significant. Since these comparisons were made with amuch
higher level ofGCR, approaching full or 100% GCR, the results were much more
meaningful in terms of comparing the two separation methods. This testmore accurately
tested the hypothesis as stated above. Of course, it would have been more meaningful if the
GCR separation had been made using 100% GCR rather than 80% GCR. However, the
tests using the 80% GCR were much more accurate in evaluating die original hypothesis
than the tests using the 40% GCR separation, simply because the amount of information
carried in the black printer was much greater. The 80% GCR separation more closely
represented the ideal black printer than the 40% GCR separation.
Final z-Test Results
Although the criteria for statistical significance is higher for a t-Test than for a z-
Test, the number of samples in the groups was much smaller (N = 21 compared with N =
192). For this reason two additional z-Tests were performed. Similar to the t-Tests, only
the 40% GCR and 80% GCR separations were compared to the conventional separation.
Instead of grouping the data in terms of the degree of SID variation, all press sheets
included in the study were used. For all three separations the AE values calculated for the
+/-0.10, +/-0.15 and +/-0.20 SED variations were included in the mean AE values.
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Therefore, the total number of samples in this grouping was 576. The results of the
comparison are reported in Table 10. The two z-Scores were both positive and well above
the magnitude required for statistical significance. The z-Score for the 40% GCR separation
and the conventional separation comparison was 2.66. For the 80% GCR separation and
the conventional separation the z-Score was 4.31. In both cases the z-Score values were
even statistically significant at the 99% confidence interval, where the critical value is 2.58.
Since these two tests compared means calculated from the greatest number of samples, and
a greater N more closely approaches the populations under study, they represent the best
support that this study can provide for the original hypothesis. The evidence seems to bear
out the conclusion that there is a difference between die conventional separation and the
GCR separations in terms of color variation when solid ink density is varied on an offset
newspaper press. The tests seem to indicated that there is less color difference realized for
separations made with GCR than for the same separation made conventionally.
Response to the Research Questions
In addition to the original hypothesis, two research questions were presented in
Chapter four. It was the intent of this study to provide as much information pertaining to
the GCR separation technique as it applies to printing by offset on newsprint. For this
reason the two questions are relative. This study is limited in the amount of information that
can be provided, however, because only separations made with two levels ofGCR, 40%
and 80%, could be compared with the conventional separation. The two research questions
and the responses are presented below.
1) Does color variation decreases in proportion to the amount of
GCR used to produce the separation?
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In Table 7 the reported mean AE for the 40% GCR separation was greater than die
mean AE for the 80% GCR separation for all three SID fluctuation bands.
Comparing the t-Test results of Table 8 and Table 9 reveals that the 80% GCR
separation had a lower AE mean value than the 40% GCR separation in sixteen out of
twenty-four comparisons. Interestingly, six of the comparisons for which the mean AE
value was lower for the 40% GCR separation than for the 80% GCR separation were for
the SDD fluctuations of the black ink. This phenomena corresponds directly to die definition
of gray component replacement. Since more information was carried in the black printer of
the 80% GCR separation than the black printer of the 40% GCR separation, the 80% GCR
separation should have experienced more color variation when the black ink was varied,
simply because it was comprised of more black to start with. Regardless, there was no
statistically significant difference between the conventional separation and either the 40%
GCR separation or the 80% GCR separation when the black ink varied above and below
the nominal. This was true for even the maximum fluctuations ofK+/-0.20. This is an
important point. Even with a high level ofGCR, the fluctuation in black ink did not result
in significant color variation. However, color variation was reduced significantly when the
same separation was subjected to even low SID variations (+/-0.10) of the three process
colored inks.
In the final z-Tests the mean AE value for all samples of the 40% GCR separation
was 3.61 while the same value for all samples for the 80% GCR separation was 3.36.
Although this difference is not substantial, the z-Test results for comparisons between the
GCR separations and the conventional separation were quite different. The z-Score for the
40% GCR comparison was 2.66. It was 4.31 for the 80% GCR comparison.
2) Is the magnitude of ink film thickness variation from the
nominal proportional to the degree of color variation realized for
both GCR separations and conventional separations?
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The data in Table 7 is divided into three groups, each group represents the results of
comparison at three SED inking levels. Only evaluating the data for the conventional, 40%
GCR, and 80% GCR separations, the mean AE values increased as the fluctuation in SDD
increased. This is what was expected. As SDD was altered away from the nominal value the
amount of color variation increased. What is more important here, however, is that the
difference between the GCR separations and the conventional separations did not seem to
change much. Both the conventional and GCR separations realized more color variation as
SDD fluctuations increased in magnitude but the ability of the GCR separations to limit color
variation was no better at SDD fluctuations of +/-0.20 than at +/-0.10. Tables 8 and 9
demonstrated thatmore color variation was realized as SDD fluctuations increased for both
GCR and conventional separations. However, the mean AE values for the GCR separations
were less than the conventional separations for eighteen out of twenty-four SDD fluctuations
in both cases.
Subjective Analysis
The only subjective observation made after reviewing the sample press sheets was
that the separations generated with a high level ofGCR (above 40%) seemed superior to
the conventional separation in holding detail in the shadow areas. This was expected since
the GCR separations were comprised ofmostly black dots in the neutral shadow areas
while the same areas on the conventional separation were comprised of larger dots of the
three process colors. Substantially more overprinting of dots took place on the conventional
separation than the GCR separations. TheGCR separations left more room at the end of the
tone reproduction scale before severe overprinting occurred. Therefore, fill-in took place at
a corresponding higher density on the original.
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Summary of Conclusions
1) GCR separations appeared to be more stable (demonstrated less color variation)
when compared to conventional separations when ink film thickness was varied on an
offset newspaper press.
2) The amount ofGCR used in generating separations seemed to be related to the
degree of color variation measured. Less color variation was realized for a higher level of
GCR than for lower levels ofGCR.
3) When black ink was varied on press the GCR separation experienced more color
variation than the conventional separation in several cases. The effect was most likely die
result of the amount of information carried in the black printer in the GCR separation.
The separation with the higher level ofGCR experienced more color variation than die
separation with the lower level ofGCR. Regardless of this result, the amount of color
variation between the conventional separation and the GCR separations was not statistically
significant, even at high fluctuations of SDD (+/-0.20). More significantly, at even low
levels of SDD fluctuations (+/-0. 10) the difference between the high percentage GCR
separation and the conventional separation was significant. In these cases the GCR
separation exhibited less color variation.
4) As the magnitude of die SDD fluctuations increased, the amount of color variation
for both the GCR separations and the conventional separations increased. However, the
GCR separation always exhibited less color variation than the conventional separation for
those comparisons that were statistically significant.
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Final Notes
In Chapters three and five, it was reported that the magnitude of the AE value that
represents the amount of variation between two colors has a well accepted interpretation.
Specifically, when color matching is critical, printed products differing by more than 6 AE
units are usually unacceptable. This is the boundary where the human eye determines that a
bad match exists.
Of all the color variations that were realized and measured in this experiment a total
of twenty-four mean values were calculated and deemed to be useful. This was because
solid ink density varied considerably across the press sheets and only separations in-line
with each other could be evaluated with any meaning. Of these twenty-four mean values,
only three were greater than 6 AE units. Even though the data seemed to suggest that by
using a considerable amount ofGCR when separating images less color variation may
occur on press, the amount of variation realized with or without it may not really be
significant. Furthermore, the value of 6 AE units was determined to be critical to those who
buy commercial printing where color matching is particularly important. There does not
seem to be any comprehensive study in the literature to suggest that this same criteria is
considered important to the average newspaper reader who has only one copy of the printed
product and to whom "color
matching"is of no concern.
In any case, the data presented in this study seems to indicate that less color
variation occurs when GCR is used and that alone may be reason enough for newspapers
to investigate its virtues. The use ofGCR may result in color reproductions that are more
predictable. Therefore, more latitude may be allowed in the newspaper pressroom. This
may be especially true when printing on older presses where larger SID variations are
common or when the attention by the press crew to maintaining solid ink density values
within tolerance ranges cannot be guaranteed.
Chapter 8
Recommendations for Further Investigation
1) The data presented in this study seems to indicate that less color variation can be
achieved by using gray component replacement when generating separations than not using
it at all. The data obtained for the 20%, 60% and 100% GCR separations could not be
compared to the conventional separation due to the fact that they did not receive the same
inking. This was a result of the test form design. Only the 40% and 80% GCR separations
that were positioned direcdy under die conventional separation could be used for this
purpose. It would be beneficial if an experiment similar to this one was performed with the
other separations as well. Naturally, the same error should not be made when designing the
test form. All six separations should be aligned in only one column, parallel to the direction
of the web. In this manner, all the separations would be subjected to the same inking from
the same ink keys. Instead of utilizing colored patches in a series across the form, narrow
color bars of each color should be snipped in place across die entire image area. This
would allow formore accuracy in determining the solid ink density values.
2) Only one scanner was used to produce the separations for this study. Over the past few
years, several manufacturers have marketed lower end color systems that can be integrated
with a number of platforms, both hardware and software. In many cases, these newer
systems can perform some version of the GCR algorithm as well. Many newspapers have
embraced this newer technology simply because of its low cost. However, the quality of
the separations produced on these
"desk-top"
systems has improved rapidly to the point
that the high-end drum scanner output and low end imagesetter output is, in many cases,
95
96
undistinguishable. It is now certain that the desk-top systems will replace the high-end
scanner in mostmarkets in the future. Therefore, the ability of these newer systems to
perform the GCR algorithm should be investigated. If the results indicate that die newer
systems are comparable to the high-end drum scanner in this respect, then the results of this
study should apply to the newer systems as well. The results presented in this study should
be device independent.
3) One of the variables that determine consistency during an offset pressrun is the
magnitude and frequency of ink film thickness variations. This variable was investigated in
this study. Another variable that determines consistency is registration. Registration varies
during a pressrun from a variety of factors, but the variation is more a problem with
newspaper presses than with commercial presses. Since GCR seems to offer more
consistency when ink film thickness varies, it would be interesting to see if it also offers
more consistency when registration is varied.
4) The separations produced for this experiment were made at only one screen ruling and
with one dot shape. Several screen rulings and dot shapes should be tested to determine if
they have any affect on the amount of color variation realized as ink film thickness
fluctuates.
5) More newspapers print on offset presses than any other type but many still print process
color on letterpress presses as well. An experiment such as this should be performed on
letterpress newspaper presses, for on such presses the ability to print good quality process
color is much more restricted. Any method that can be used to provide more consistency
during a pressrun would be welcomed.
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6) There are presently about thirty newspapers in the United States using flexography. Ink
film thickness variations are almost nonexistent on these presses because their anilox rollers
meter a uniform ink film to the plate surface. However, they do occasionally have ink
viscosity fluctuations from day to day and even during long pressruns. IfGCR can reduce
color variations when ink film thickness varies on an offset press, it seems likely that it
would also reduce color variations when ink viscosity varies on a flexographic press.
7) In many cases it may not be necessary to perform a pressrun to test attributes of the
GCR separation technique. Separations can be produced with the specific variable, such as
registration or ink film thickness, varied manually when a proof is made. This would allow
for a greater number of samples to be generated at a much lower cost, since pressruns are
quite expensive and time consuming. Proofing may actually prove to be much more
accurate, since the individual performing the experiment has much more control over most
of the variables involved.
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Materials and Equipment
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Materials:
Dupont Separation Film
Subtractive Negative-working Printing Plates
Flint Ad-Litho Newspaper Inks
Abitibi Price 30 lb. Newsprint
Equipment:
HunterLAB spectrophotometer
Macbeth Colorchecker
X-Rite 418 Reflection Densitometer
Hell 399ER Dot Generating Drum Scanner
Dupont Film Processor
Offset Plate Processor
Rockwell-Goss Urbanite Semi-cylindrical Newspaper Press
AppleMacintosh Ed withWings Spreadsheet Software
